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Abstract 
Queensland, Australia has a large mining industry and has been extracting coal seam gas (CSG) 
on an increasingly larger scale in recent years. CSG is a type of unconventional natural gas. 
Historically, concerns associated with unconventional natural gas development (UNGD) have 
come from areas where types of UNGD other than CSG are predominant. While shale gas and 
CSG development are not identical, there is an underlying theme of community concern about 
the potential environmentally-related health impacts (ERHIs) of such development. A problem 
for Australia is that there is a dearth of research on ERHIs associated with CSG, in particular, in 
Queensland. 
The purpose of this research was to explore the ERHIs associated with CSG development in 
Queensland and suggest areas for further research. This exploratory study used three 
environmental settings: a CSG setting and two alternative settings (i.e., coal mining and 
rural/agricultural). The CSG study area served as the primary setting, as this is a fairly new 
industry and there is as yet no substantial body of knowledge to fully understand what the health 
impacts may be. Data concerning CSG gas well numbers, as well as other ‘macro’ environmental 
determinants, such as production figures, were used to assess increased environmental activity 
within these areas.  
Subjective health outcomes in residents were assessed through a self-report survey. This was to 
determine any differences in health and psychosocial impacts of environmental change between 
the respondents living in each environmental setting. In addition to the subjective health 
outcomes data, objective health outcomes were examined through hospital admissions data for 
the period 1995-2011 for all three areas. These data were compared between the three areas for 
differences in hospitalisation rates over time in relation to various conditions according to the 
International Classification of Diseases (ICD) chapters. Hospital admissions data were also 
examined in conjunction with CSG well development activity data in the CSG area to gather 
evidence of CSG health impact using limited available environmental data. 
The findings showed that the self-reported health status of respondents in the CSG area did not 
differ compared to the two other study areas; however, respondents did self-report higher levels 
of environmental distress for some measures. There were significant increases in all-age 
hospitalisation rates over time in the CSG area compared to the coal mining and rural areas for 
‘All-cause’ hospitalisation rates (RR: 1.01; 95% CI: 1.00-1.01 compared to the coal mining area 
and RR: 1.01; 95% CI: 1.01-1.02 compared to the rural area). Significant increases were also 
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seen for admission rates within ICD chapters related to ‘Blood/immune’ diseases (RR: 1.08; 95% 
CI: 1.05-1.12 compared to the coal mining area and RR: 1.05; 95% CI: 1.01-1.09 compared to 
the rural area) and ‘Eye’ diseases (RR: 1.04; 95% CI: 1.02-1.06 compared to the coal mining 
area and RR: 1.04; 95% CI: 1.02-1.06 compared to the rural area). The child/adolescent and 
adult cohorts in the CSG area showed increases in hospitalisation rates over time compared to 
the other two study areas.  
Strongest observed effects for evidence of health impact in the CSG area were found to be for 
‘All-cause’ hospitalisation rates for all-ages (RR: 1.12; 95% CI: 1.08-1.15 for the low vs very 
low period of CSG development; RR: 1.16; 95% CI: 1.12-1.19 for the medium vs very low 
period of CSG development; and RR: 1.25; 95% CI: 1.21-1.29 for the intense vs very low period 
of CSG development), as well as 35-44 year olds (RR: 1.16; 95% CI: 1.09-1.23 for low vs very 
low; RR: 1.26; 95% CI: 1.19-1.33 for medium vs very low; and RR: 1.38; 95% CI: 1.31-1.46 for 
intense vs very low). This suggests a dose-response relationship between hospitalisation rates 
due to any cause and increasing CSG development. Strongest observed effects were also noted 
for diseases of the ‘Eye’ for all-ages (RR: 1.16; 95% CI: 1.02-1.33 for low vs very low; RR: 
1.34; 95% CI: 1.18-1.52 for medium vs very low; and RR: 1.89; 95% CI: 1.66-2.14 for intense 
vs very low). The estimates presented here suggest a dose-response relationship for 
hospitalisation rates associated with ‘Eye’-related diseases and CSG development.   
This research serves as an important first step towards exploring ERHIs associated with CSG 
development in Queensland and highlights areas that need to be investigated further. The ERHI 
assessment revealed some evidence of health impact associated with CSG development; 
however, there is a need for more environmental data so that these data can be assessed 
alongside health outcomes data. This research presents evidence on which future research can be 
based, which can further elucidate any possible ERHIs associated with UNGD activity. The 
ERHI assessment framework used for this study provided a useful way of assessing ERHIs in an 
environmental setting of interest (i.e., CSG) and alternative settings (i.e., coal mining and 
rural/agricultural). Such a framework can be applied to other settings and in other geographic 
localities.  
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Introduction 
Increasing energy demands required to fuel global economic development, as well as the desire by 
some countries to have energy self-sufficiency, has largely been supplied by the development of 
unconventional natural gas resources (International Energy Agency, 2014). This industry has undergone 
rapid development as new technology has enabled gas extraction from low permeability source rocks 
such as coal seams and shale formations. As with any form of resource development, there is the potential 
for adverse impacts on the health of nearby residents (Adgate, Goldstein, & McKenzie, 2014; Coelho, 
Teixeira, & Gonçalves, 2011; Colagiuri, Cochrane, & Girgis, 2012; Stephens & Ahern, 2001). Residents 
living in proximity to unconventional natural gas development (UNGD) have consistently raised concerns 
about the potential for adverse health impacts (Adgate et al., 2014; Coram, Moss, & Blashki, 2014; 
Lechtenböhmer et al., 2011; Saberi, Propert, Powers, Emmett, & Green-McKenzie, 2014). However, the 
rapid development of this industry over the past 10-20 years has typically outpaced the ability to 
undertake baseline surveys and conduct comprehensive, prospective studies. 
This chapter will provide background information on UNGD, focusing on the development of the 
coal seam gas (CSG) industry in Queensland, Australia. The socioeconomic impacts resulting from 
UNGD, as well as some introductory information on the general UNGD impacts on health, will be 
discussed. 
1 Background 
The differentiation between conventional or unconventional gas is based on where the resources 
are found and how they are extracted (Queensland Government, 2013e; Rutovitz, Harris, Kuruppu, & 
Dunstan, 2011). Conventional gas reservoirs are typically found in sandstone, and the relatively high 
permeability of the source rock allows the gas to flow naturally under its own pressure (Alberta Energy 
Regulator, 2015; Queensland Government, 2013e). Conversely, new extraction techniques must be 
developed and applied to access unconventional gas reservoirs.  
In the case of UNGD, the introduction of directional drilling and hydraulic fracturing,1 which are 
required due to the relatively low permeability of the source rock, have allowed previously inaccessible 
gas sources to be recovered (Alberta Energy Regulator, 2015; Korn, 2010; Ross & Darby, 2013; Rutovitz 
et al., 2011). Shale gas is sourced from formations 1,000 metres to greater than 2,000 metres deep and its 
development requires the introduction of permeable fractures, which allow the gas to flow (Korn, 2010; 
Ross & Darby, 2013). In contrast, coal seams generally have natural fractures (i.e., cleats), but hydraulic 
pressure holds the gas in place (Ross & Darby, 2013; Rutovitz et al., 2011). This pressure must be 
reduced by pumping water from the seam (i.e., dewatering) to desorb the gas, which allows it to flow to 
                                                     
1 Hydraulic fracturing is a method used to access geological formations of low permeability, where fracturing fluid 
(comprising water, sand, chemicals) is injected in the target formation (Finkel & Hays, 2013). This process, often 
referred to as ‘fracking’, requires large volumes of water and refers only to well-stimulation processes. Reference to 
this process excludes other processes that may have greater environmental health impacts such as well drilling, 
wastewater disposal, and fracturing fluid production (Shonkoff, Hays, & Finkel, 2014).  
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the surface and reduces the need to hydraulically fracture many CSG wells (Korn, 2010; Ross & Darby, 
2013). CSG is typically sourced from formations that are 300-1,000 metres deep (Ross & Darby, 2013).   
The most economically important unconventional natural gases are CSG and shale gas. UNGD 
taking place in the United States of America (USA) typically refers to shale gas and CSG, and in 
Australia, it refers to CSG as only CSG resources are being exploited at present (Department of Natural 
Resources and Mines, 2015a). The recent accessibility of these sources has meant that UNGD is 
occurring in closer proximity to already established communities that have not previously been exposed 
to resource development. Therefore, these communities are being subjected to significant changes across 
a range of economic, social, and environmental factors. 
Residents may be exposed to chemical and physical exposures resulting from UNGD, and such 
chemical and non-chemical stressors have the potential to impact on the health of those in nearby 
communities (Adgate et al., 2014). While residents likely have a lower level of exposure compared to 
workers, the nature of UNGD means that there are cumulative exposures (Adgate et al., 2014), prompting 
concerns from residents of neighbouring communities. These concerns about health impacts, particularly 
with respect to CSG development in Australia, gave rise to the primary purpose of this thesis. 
In Australia, the CSG industry has developed rapidly over the last decade, especially in Queensland 
(Department of Resources Energy and Tourism, 2012). The rapid growth in CSG production since 1998 
is shown in Figure 1.1. CSG is sourced mainly from the Bowen and Surat Basins in Queensland – the 
work presented in this thesis focused on these basins. Together, these basins deliver approximately 90% 
of total gas produced in the state (Department of Employment Economic Development and Innovation, 
2012; Department of Natural Resources and Mines, 2014a). Production began in the Bowen Basin in 
1996 and was fully underway from 2000 (Queensland Government, 2011a). When production began in 
the Surat Basin a number of years later (in 2005), total production rose rapidly from 150 millions of cubic 
metres (Mm3) of gas in 2000 to more than 7,600 Mm3 in 2014 (Queensland Government, 2014a). 
 
Figure 1.1. Queensland total coal seam gas production for the period 1995-2014 (Queensland 
Government, 2014a). 
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There are over 2,500 producing wells (Queensland Government, 2014a), and it is projected that 
upwards of 40,000 producing wells will be in Queensland at the peak of the industry in the next few 
decades (Lacey & Lamont, 2014; T.G.  Measham, Haslam-McKenzie, Moffat, & Franks, 2013). 
2 Evidence of UNGD impact 
The majority of UNGD-related literature focuses on shale gas development, particularly in the 
USA, due to the North American shale gas boom. A number of studies have discussed the socioeconomic 
impacts resulting from UNGD, and several studies have also examined the potential human health 
impacts. 
2.1 The socioeconomic impact of UNGD on communities 
UNGD is reported to have a wide range of positive socioeconomic impacts on communities 
(Brasier et al., 2011). Reported benefits for communities in the USA include economic growth, improved 
economic standing, health benefits from reduced use of ‘dirtier’ energy sources, such as coal, and 
additional resources to provide health services, education, and charities (Considine, Watson, Entler, & 
Sparks, 2009; Korfmacher, Elam, Gray, Haynes, & Hughes, 2014). Economic benefits include the 
generation of business activity across many industries (The Perryman Group, 2014). Further, UNGD can 
provide increased energy independence (The Perryman Group, 2014).  
Similar benefits are noted for Australian communities, with CSG providing energy security and 
economic benefits for local and state communities, as well as increased employment (Gas Industry Social 
& Environmental Research Alliance, 2013; The Victorian Government, 2013). These benefits revitalise 
regional communities (The Victorian Government, 2013) and help mitigate rural community decline 
(T.G. Measham & Fleming, 2013). However, while these benefits exist, communities are often affected 
by the recurrent boom-bust cycles in which they must adjust to periods of beneficial and detrimental 
effects (Anderson & Theodori, 2009; R. B. Brown, Dorius, & Krannich, 2005; Hunter, Krannich, & 
Smith, 2002).  
Negative socioeconomic impacts include: reduced housing availability and affordability, increased 
crime and violence, negative economic impacts in other sectors, the ability to maintain social services, 
and a change in the sense of community (Carrington, McIntosh, & Scott, 2010; Connor, Freeman, & 
Higginbotham, 2009; Haslam-McKenzie, Phillips, Rowley, Brereton, & Birdsall-Jones, 2009; Hunter et 
al., 2002; Lawrie, Tonts, & Plummer, 2011; Miles, Marshall, Rolfe, & Noonan, 2006; Ortiz, Thomas, & 
Ruddell, 2007; Parkins & Angell, 2010; J. R. Perry, 2007). UNGD has been reported to indirectly 
contribute to income inequality, particularly for women, outmigration of low income families, less 
entrepreneurship, and reduction of agricultural outputs (Gas Industry Social & Environmental Research 
Alliance, 2013). However, the predominant concern about adverse outcomes for community residents is 
the potential for human health impact (Adgate et al., 2014). 
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2.2 UNGD and human health 
CSG development has the potential to bring about numerous, substantial changes to the 
environment. These changes could lead to risk and, ultimately, to health impacts, including those related 
to water and air quality, soil quality, and noise. The main community concerns regarding UNGD are 
detrimental human health impacts arising from environmental degradation (e.g., water and air quality 
issues, as well as threats to the natural environment) (NSW Chief Scientist & Engineer, 2013; Taylor, 
Sandy, & Raphael, 2013). In spite of health impacts being raised as a primary community concern, the 
evidence of human health impacts remains tenuous, mainly due to the lack of comprehensive studies 
about the environmental health impacts of UNGD, particularly with respect to CSG (Werner, Vink, Watt, 
& Jagals, 2015).  
All stages of CSG development (exploration through to post-production) have the potential to 
cause environmental health impacts through multiple exposure pathways (e.g., water, air, soil) 
(Vaneckova & Bambrick, 2014). However, there have been few studies, including in the USA, conducted 
either prior to or after the operational phase. This is partially due to the relatively fledgling state of the 
industry, as well as the pace of development. The importance of better understanding the potential health 
impacts at any stage of CSG development is echoed by the results of a call for public submissions on 
CSG development in New South Wales, Australia. This showed that, in terms of health-related issues, 
water-related health impacts were of most concern, followed by calls for baseline studies of health data 
and concerns about air quality-related health impacts (NSW Chief Scientist & Engineer, 2013).  
A number of recent studies have reported on various health impacts on residents near UNGD. A 
variety of data and information sources were used in these studies, including vital statistics on birth 
outcomes (Hill, 2012; McKenzie et al., 2014), cancer registries (Fryzek, Pastula, Jiang, & Garabrant, 
2013), hospitalisation data (Coons & Walker, 2008), and self-report surveys (Saberi et al., 2014; Steinzor, 
Subra, & Sumi, 2013). These studies have predominantly used readily available data, which are generally 
low cost and allow for large-scale comparison (e.g., vital statistics and hospitalisation data). However, 
such data do not capture low-level outcomes such as the effects that may not be serious enough to result 
in hospital presentation, e.g., for medical symptoms such as headaches and nausea (Vaneckova & 
Bambrick, 2014). While some researchers have used self-report surveys (from already potentially affected 
residents) in attempts to capture this low-level health outcome information (e.g., Steinzor et al., 2013), it 
is difficult to attribute causality due to the lack of methodologically rigorous studies. 
Several studies (conducted in the USA) end with varying conclusions on the extent of UNGD 
impact. Some have concluded that there is a relationship between congenital heart defects and the density 
of, as well as proximity to, UNGD (McKenzie et al., 2014), and that UNGD exposure increases 
prevalence of certain birth outcomes (Hill, 2012). Conversely, Fryzek et al.’s (2013) study about 
childhood cancer in relation to hydraulic fracturing found that the number of cancer cases was no higher 
than that which could generally be expected in the study area. 
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While the studies referred to above provide some evidence of adverse environmentally-related 
health impacts associated with UNGD, the majority of these studies have been conducted in areas with 
shale gas development. Shale gas-focused studies suggest potential health impacts; however, their 
conclusions cannot necessarily be extrapolated to reflect CSG-associated health risks (Vaneckova & 
Bambrick, 2014) due to differences in processes, extraction, and geological formations, as well as 
different regulatory frameworks (NSW Chief Scientist & Engineer, 2013).  
Currently in Australia, there are very few studies that have examined community health effects 
specifically related to CSG development (Coram et al., 2014; NSW Chief Scientist & Engineer, 2013; 
Vaneckova & Bambrick, 2014). Coupled with the likelihood that health outcomes from shale gas 
development do not translate to CSG and perhaps from one CSG play to another, there is a clear need for 
research that can be used to better understand potential CSG health impacts and risks (NSW Chief 
Scientist & Engineer, 2013; Taylor et al., 2013; Vaneckova & Bambrick, 2014).  
The purpose of this thesis is to address the gaps in key knowledge areas about the health impacts of 
the changing environment due to CSG development in Queensland, Australia. While the industry has 
undergone rapid establishment in recent years, the anticipated increase in the number of wells over the 
next few decades means that research into the environmentally-related health impacts of CSG 
development is essential to establish relationships and trends between industry development and health 
impacts. Due to the predominance of health-related research in shale gas areas, this evidence base is used 
throughout this thesis to provide background information on the potential health impacts of CSG 
development. It is acknowledged again that findings from shale gas literature cannot always be readily 
translated to the CSG context due to some fundamental differences between the two (NSW Chief 
Scientist & Engineer, 2013; Rutovitz et al., 2011). 
3 Exploring the impact of CSG development 
To prepare for the expected dearth of information about CSG-related health impacts in Queensland, 
Australia, as well as explore the health outcomes of potential CSG impact, an assessment framework was 
used that was adapted from the integrated environmental health impact assessment (IEHIA) described by 
Briggs (2008). The framework allowed for exploring primary and secondary data, and it can be built upon 
in future research to better understand CSG-related health impacts.  
4 The research question, aim, and objectives 
Although a body of knowledge is developing around some of the health impacts for UNGD, the 
knowledge about industry-specific and location-specific impacts is tenuous (Chapter 2 – Review). Finkel 
and Hays (2013) noted the lack of objective, empirical epidemiological studies related to UNGD, and 
Adgate et al. (2014) echoed the need for more epidemiological studies in order to uncover disease 
patterns that could be associated with UNGD. Additionally, a report by Jagals (2013) noted that there was 
a paucity of rigorous scientific studies showing evidence (or lack thereof) of health impact associated 
with CSG activities. This thesis used empirical evidence to conduct an exploratory investigation of health 
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impacts of CSG development in Queensland as a basis on which further research and regulation can be 
based. The purpose of this work was not to establish causal relationships.  
Thus, the research question in this programme of work was: What are the potential 
environmentally-related health impacts of CSG development in Queensland, Australia? 
4.1 Aim 
The aim of this research was to explore the environmentally-related health impacts associated with 
CSG development and extraction in Queensland, Australia. 
The following objectives were to be achieved for this programme of work: 
4.2 Objectives 
 Review the current strength of evidence of health impact from UNGD to understand the current 
evidence base and to guide development of this assessment;  
 Determine environmental settings and select related indicators in which to investigate the 
environmentally-related health impacts of UNGD activities on an exploratory basis; 
 Identify and delineate geographic areas in Queensland based on land use activities, populations, 
and available data to apply the selected environmental settings; 
 Collect, analyse, and interpret data from above using the following: 
o Coal seam gas production, including CSG well numbers, to serve as a proxy for potential 
environmental impact of UNGD activities, 
o Subjectively measured self-report health data by residents in three study areas, and 
o Objectively measured health data through hospital admissions over 17 years in the same three 
areas, as well as hospital admissions data in the CSG area in conjunction with CSG well 
development activity;  
 Synthesise and report the findings in the context of evidence of CSG health impact and the 
implications of the study findings; and 
 Use the findings from this programme of work to recommend areas that need to be explored 
further in future studies regarding the health impact of UNGD. 
4.3 Thesis Structure 
The framework used for this thesis allowed for assessment in four consequential parts, as reflected 
in the simplified assessment framework shown in Figure 1.2.  
 
Figure 1.2. The four parts of an environmentally-related health impact (ERHI) assessment used in this thesis. 
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The main parts of the thesis, including the chapters within those parts, are as follows: 
 Part A: Conceptualising 
o Chapter 1 presents the assessment framework, scoping of the project within this framework, 
the suite of indicators used in this programme of work, and exploring environmental settings 
for CSG areas and other areas for comparison that could be used in the study. 
o Chapter 2 presents a review of the literature to determine the strength of evidence for health 
impacts across UNGD and, from this, discusses the evidence for health impacts related to CSG 
development. The review also serves to guide the selection of the comparative environmental 
settings. 
 Part B: Design of assessment 
o Chapter 3 presents the final environmental settings, how they relate to specific geographic 
areas in Queensland, and their respective populations. 
o Chapter 4 provides the methodological approach for this thesis, including the techniques 
(tools) used to measure the indicators, data sourcing, and ethics considerations.  
 Part C: Assessment 
o Chapter 5 presents the comparison of the subjective, self-reported health outcomes of local 
residents in the three environmental settings. 
o Chapter 6 presents the comparison of the trends over time in objectively measured health 
outcomes of residents using hospital admissions data.  
o Chapter 7 builds on Chapter 6 and focuses on the impact of CSG development over time using 
hospital admissions in one environmental setting (CSG) in conjunction with CSG well 
development activity. 
 Part D: Synthesis 
o Chapter 8 discusses the implications of the study findings.  
 The final chapter provides a conclusion about whether the study met the aim and objectives and 
provides recommendations for future work. 
 Appendices:  
o Appendix A presents the publication distilled from Chapter 2; 
o Appendix B presents the Queensland Hospital and Health service areas map; 
o Appendix C presents the ‘Subjective Health Outcomes’ documents; 
o Appendix D presents the list of variables requested from the Queensland Hospital Admitted 
Patient Data Collection (QHAPDC); 
o Appendix E presents the University of Queensland ethics approval; 
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o Appendix F presents the Queensland Health Public Health Act (PHA) approval for access to 
confidential information; 
o Appendix G presents the manuscript distilled from Chapter 5 (submitted for publication); 
o Appendix H presents the tables for Chapter 5; 
o Appendix I presents the publication distilled from Chapter 6; 
o Appendix J presents the graphs for Chapter 6; 
o Appendix K presents the tables for Chapter 6; 
o Appendix L presents the tables for Chapter 7; and 
o Appendix M presents selected awards, conferences, presentations, and professional activities 
during candidature. 
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Part A:    
 
Conceptualising 
 
The first part (Part A) of the environmentally-related health impact (ERHI) assessment is 
‘Conceptualising’. This involves the selection of the foundational assessment framework, scoping the 
research, choosing the environmental settings, discussing indicators, and conducting a review on the 
strength of evidence of health impacts related to UNGD, in particular, in a coal seam gas (CSG) setting, 
as well as exploring alternative environmental settings. 
The research problem has been described in the Introduction, and the lack of research on ERHIs 
associated with CSG development in Queensland, Australia has been noted. Chapters 1 and 2 present the 
‘Conceptualising’ part of the ERHI assessment. These chapters set the foundation for the rest of the study 
and also guide the next part (‘Design’). 
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Chapter 1:    
Framework development, scoping, environmental settings, 
and indicators 
 
The first requirement for conducting this study was to use a known framework from the literature 
as a foundation, or to adapt a known framework from the literature to better suit this study. The 
framework, or adaptation of a framework, was intended to guide the overarching methods for this study. 
Frameworks can be thought of as tools that can be adapted according to individual study 
requirements (Hambling, Weinstein, & Slaney, 2011). In order to meet the aim of this thesis, a framework 
was required that would support the assessment of past and present impacts of coal seam gas (CSG).  
For this study, such a framework needed to have the following characteristics: 
 support assessment of health, environmental, and social data; 
 allow for assessment of CSG impacts over past time to present; and 
 indicate future health risk from CSG development, but not necessarily predict future impact. 
1 Designing the assessment framework for this study 
Several assessment frameworks were considered to determine whether any would optimally meet 
the above criteria to serve as the framework from which to build on for this assessment. Some assessment 
approaches, such as environmental impact assessment, have been criticised for either neglecting human 
health or considering health-related environmental impacts on the surface, but not actually addressing 
human health effects (Association of Public Health Observatories, 2007; Cole & Fielding, 2007; Cole et 
al., 2004). Conversely, others, such as health impact assessment (HIA), consider positive and negative 
impacts on human health, but have been criticised for the lack of sufficient rigour and for potential 
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subjectivity (Parry & Stevens, 2001), as well as uncertainties associated with the validity of the methods 
and results (Veerman, Barendregt, & Mackenbach, 2005).  
Taking this into account, the frameworks that were considered included: health impact assessment 
(HIA), environmental health risk assessment (EHRA), the Driving Force-Pressure-State-Exposure-Effect-
Action (DPSEEA) framework, and integrated environmental health impact assessment (IEHIA).  
There are key points associated with each of these frameworks. For example, an HIA is essentially 
a tool that predicts the health impacts of a proposed project (enHealth, 2001), and the main output of an 
HIA is typically evidence-based recommendations to inform the decision-making process (Quigley, 
Cavanagh, Harrison, Taylor, & Pottle, 2005). Within the HIA process, the scope, findings, and 
recommendations are often specific to the assessment being conducted, and a limited scope means that 
other impacts may not be addressed (Witter et al., 2013). HIAs are often conducted before exposures 
occur in the population, which is different from other public health methods that typically assess 
exposures and outcomes during/after some event (e.g., an epidemiological study) (Witter et al., 2013).  
While it would have been preferable to conduct an HIA on communities near proposed CSG 
development areas at the time of a project proposal (NSW Chief Scientist & Engineer, 2013; Taylor et al., 
2013), this was not done in Queensland. Likewise, the use of baseline health data and ongoing monitoring 
in those communities, as suggested by the New South Wales Chief Scientist & Engineer (2013) and 
Taylor et al. (2013), is not currently done formally in Queensland for this purpose; therefore, data 
available for such assessments are restricted. 
Risk assessment, which is a process that estimates the risk (potential impacts) of a hazard (e.g., 
chemical, physical, psychosocial) on a human population or ecological system, was also considered 
(enHealth, 2002, 2012). Risk assessments, in an attempt to forecast future events, may not always provide 
definitive outcomes (enHealth, 2002). The environmental health risk assessment (EHRA) framework was 
proposed for use in Australia starting in 2002 (enHealth, 2002, 2012) and is a process that is closely 
related to HIA, but still remains distinct because the two assessments address different issues. The EHRA 
process is very linear and requires specific environmental situations for which to apply the assessment. 
The Driving Force-Pressure-State-Exposure-Effect-Action, or DPSEEA, framework is another 
framework that can be used to assess human disease burdens to aid in decision-making (Gentry-Shields & 
Bartram, 2014). One of the main distinctions of this framework is that it accounts for driving forces, such 
as population growth and technological change, as well as resultant pressures such as emissions (von 
Schirnding, 2002b). It allows for the use of indicators at all levels of the framework, which provides 
scope for actions to be implemented throughout the process (von Schirnding, 2002b). The framework is 
flexible and the applicability of the framework depends on the setting in which it is used; however, the 
DPSEEA framework focuses on cause and effect, highlighting where points of intervention can be 
applied.  
The integrated environmental health impact assessment (IEHIA) framework was proposed by 
Briggs (2008) as a way of assessing the complex relationships found in environmental health and the 
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associated impacts. The framework allows for an approach that extends beyond traditional risk 
assessment and is more inclusive and integrated with respect to assessing environmental health risks and 
policies (Briggs, 2008). The IEHIA is policy-driven and assesses both health effects as a result of 
environmental exposures and health impacts of environmentally-related policies (Knol, Briggs, & Lebret, 
2010); however, there have been few practical applications of integrated assessment (Briggs, 2008). 
Unlike some other frameworks, IEHIA includes health, environmental, and social considerations; can be 
diagnostic or summative by nature; and the findings from it can include indication of future health risk, 
but predictions of future impact are not required. 
It was clear that there were commonalities between these frameworks in terms of the assessment 
considerations and what the process looks like for each assessment. However, the frameworks vary in a 
number of ways, which is reflected in the degree of flexibility (e.g., diagnostic nature, requiring 
prediction of future health risks) and the scope of the assessment (e.g., considerations included, use of 
various datasets). 
These points guided the design of the study framework which was ultimately based on the IEHIA 
framework. The thesis structure is shown in Figure 1.3, and the structure for this exploratory framework 
to examine CSG health impacts is similar to the IEHIA framework. 
 
Figure 1.3. The study framework, based on the integrated environmental health impact assessment (IEHIA) 
framework (corresponding thesis chapters noted for each part of the environmentally-related health 
impact assessment). 
2 Scope 
This scoping section is presented to clearly describe what was included in this programme of work, 
as well as what had to be excluded.  
Due to the length of time allotted to conduct the assessment, as well as some infeasible points, such 
as obtaining certain datasets or a lack of certain datasets, a number of aspects had to be scoped out of the 
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research as this was already considered a comprehensive piece of work (as discussed in the following 
sections). Where applicable, these are indicated in the narratives below. 
2.1 Research activities  
 This thesis focused on CSG and exploring the environmentally-related health impacts associated 
with CSG development in Queensland, Australia. This thesis used information available on all 
UNGD resources (e.g., CSG, shale gas), and it is noted inferences from UNGD-related studies 
were used where necessary. 
 The review (Chapter 2) served to guide the design of the three environmental settings proposed in 
Section 4 below and provides a discussion of environmentally-related health impacts for these 
settings as found in the literature.  
 Occupational health of the workers in these industries was not within the scope of this 
programme of work. The focus was community health outcomes. 
 Animal health was not within the scope of this thesis. While animals can be sentinels for human 
health and some studies have examined animal health associated with UNGD (Bamberger & 
Oswald, 2012; Finkel, Selegean, Hays, & Kondamudi, 2013; Papoulias & Velasco, 2013; 
Weltman-Fahs & Taylor, 2013), the focus of this thesis was on environmentally-related health 
impacts with regards to humans. 
2.2 The context of the assessment framework 
 ‘Environmentally-related health impact’ (ERHI) refers to the health impacts related to changes in 
the environment.  
 An assessment to explore the ERHIs associated with CSG development in Queensland was 
conducted for this thesis.  
 The assessment did not include weighing the costs and benefits of CSG development; rather, it 
looked for direct adverse health outcomes associated with CSG development. 
 While Figure 1.1 provided total CSG production figures for the state of Queensland for 1995-
2014, it was assumed that the smaller geographic study area selected for this study (to which the 
CSG setting was applied) was likely to have the same production profile. 
2.3 Study time period 
 The time period covered, with respect to literature and data, was 19 years. The start date of 1995 
was selected to obtain data for a period of time (approximately 7-8 years) before CSG 
development was fully underway (early 2000s) through an ‘impact’ period during which the CSG 
industry showed substantial growth (approximately 9-10 years) (Figure 1.1).  
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2.4 Data 
Scoping of the data specific to the subjective and objective health outcome components are 
discussed in the relevant chapters (Chapters 5-7). Datasets that were included or excluded, relevant to the 
entire programme of work, are discussed below. 
2.4.1 Environmental data 
Environmental measurements, while important and preferable for use (Adgate et al., 2014) within 
an assessment of this nature, were not included in this thesis because of the difficulty associated with 
obtaining such data. Much of these data are held confidentially, and data that could be obtained from the 
public domain could not be mapped to the relevant study areas. Therefore, the use of such data is very 
restricted in this thesis. Production and other development data were used as proxies instead (Section 4 
below).  
Queensland Government has multiple air monitoring network stations; however, the majority of 
these stations are located near the capital city of Brisbane (Queensland Government, 2013a). The 
geographic areas used for this study were not monitored. Likewise, few, if any, ground water monitoring 
stations are located within the identified areas (Queensland Government, 2014d), meaning it would be 
difficult to ascertain broad ‘exposure’ data for environmental exposure via ground water. In terms of 
surface water monitoring, data are not regularly collected in a continuous manner and the parameters 
typically include only major ions, metals, pH, and electrical conductivity – not parameters relevant to 
human health such as benzene, toluene, ethylbenzene, and xylene.  
While the resource development industries do collect environmental data in the respective areas, 
the data are collected across industry and government mainly for purposes of environmental protection 
rather than for assessing ERHIs. The lack of available and suitable data, particularly with respect to the 
capability to assess cumulative impacts, was noted in a Queensland Health report (Queensland 
Government, 2013d). The environmental data, which are often not publicly available or patchy, were not 
suited for alignment with the ‘Subjective Health Outcomes’ and ‘Objective Health Outcomes’ data used 
for this study. 
Due to these limitations, the focus was, therefore, mainly directed towards health and psychosocial 
impact data in a temporal and environmental context. The framework used here allows for the 
consideration of available data, or lack thereof, which aligns with the statement by Knol et al. (2010) that 
flexibility is important in issue-framing and that different issues must be considered in a way best suited 
for a given issue or assessment. Thus, the environmental settings selected for this programme of work 
were based on geographic areas with varying environmental pressures so that they could be compared to 
one another (Chapter 3).  
2.4.2 Integration of data sets 
While it would be ideal to integrate environmental measurements, such as air and water quality 
data, if available, it has been noted that this integration can be difficult to do with health and 
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environmental data sets. There are often varying population subgroups, meaning that the data sets are 
often not comparable with one another (Beale, Hodgson, Abellan, LeFevre, & Jarup, 2010; S. D. Walter, 
1991). For example, health data might be provided by government areas, but environmental exposures 
might cross these boundaries; therefore, environmental data must be converted to provide exposure 
estimates for the same ecological units of analyses used for the health data (Briggs et al., 1996; S. D. 
Walter, 1991). 
2.5 Indicators 
The use of indicators is essential to the impact assessment process because these provide measures 
of impact (Briggs, 2008). They are, therefore, measures that turn the collected data into relevant 
information and should be developed with a number of factors in mind, including the purpose of the 
indicator and its scientific validity (von Schirnding, 2002a). An environmental health indicator is a 
quantitative measure used to summarise data in a relevant and understandable way to represent a topic 
such as an environmental condition or health outcomes associated with environmental stressors (Axelrad 
et al., 2013; Rehr, Miller, & Foos, 2015). These measures can be at the global, regional, or local level 
(von Schirnding, 2002a) and can be direct or indirect measures (Roundtable on Environmental Health 
Sciences, Board on Health Sciences Policy, & Institute of Medicine, 2004) 
Indicators are useful for providing a profile of environmental health conditions within a given 
environment and can allow for identification of changes and trends over time (Roundtable on 
Environmental Health Sciences et al., 2004; von Schirnding, 2002a). While indicators can measure such 
trends over time, they are limited by the strength of the collected data (Rehr et al., 2015). 
For this thesis, ideally, environmental data would be used to generate a suite of environmental 
health indicators (e.g., pollutant concentrations within each setting, exceedance of drinking-water 
guidelines, levels of pollutants in soil, noise levels exceeding standards); however, the availability of such 
data were limited for the period of interest in this thesis. Therefore, the majority of the indicators focused 
on health and social indicators as determinants of health. The indicators used in this study were based on 
the data that were available, and a suite of indicators was selected for use in this thesis to translate the 
findings into relevant information. These indicators included: demographic and socioeconomic indicators, 
a sense of place indicator, environmental indicators, and health indicators. The selection of the indicators 
is discussed in Chapter 4, Section 3. 
3 The environmental settings 
A critically important step in the IEHIA framework is scenario development, where a reference 
scenario and alternative scenarios are selected. These scenarios reflect outcomes of change in some 
direction and outcomes are compared to one another (Briggs, 2008). Such scenarios reflect a system in a 
particular environmental state or condition, which then goes through transformation, adaptation, and 
adjustment to achieve a new state of equilibrium. The overall ability of matching data made scenario 
setting undesirable for this programme of work. More appropriately, a ‘settings’ approach was used for 
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this study. Rather than selecting scenarios, as defined for the IEHIA framework, this work used three 
environmental settings (CSG, coal mining, and rural/agricultural) mapped to geographic study areas. 
These settings were developed for this programme of work that, when compared, would most likely 
reflect changes in the health of the target communities if these were affected by CSG development 
activities. 
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Chapter 2:    
A review of the environmentally-related health impacts of 
coal seam gas 
Part of this chapter forms the basis of a journal article that was recently published in Science of the 
Total Environment. The journal article is in Appendix A.  
This chapter presents outcomes from the review in three parts to align with the environmental 
settings as follows: 
 unconventional natural gas development (UNGD with coal seam gas (CSG) as the main focus); 
 coal mining; and 
 rural/agricultural areas (no resource development or extraction activity). 
Out of the three environmental settings introduced in the previous chapters, the main focus of the 
review is on UNGD. Review of the coal mining setting, while presenting less information than that for 
UNGD, is still sufficient to consider whether coal mining provides a suitable comparative setting to the 
primary environmental setting of CSG. The rural/agricultural setting was briefly reviewed, describing 
what might typically be environmentally-related health impacts (ERHIs) in these areas where CSG and 
coal mining activities were not present. 
 
There are a number of drivers of energy resource development, which in turn create a number of 
environmental pressures that trigger ERHIs. These drivers include: economic growth, government 
policies, population growth, and technology (Geoscience Australia and ABARE, 2010; International 
Energy Agency, 2014). These considerations also apply to the resources industry as it expands operations 
globally and environmental and health professionals should be aware of any potential impact on the 
health of those residents living near such operations (Resick, Knestrick, Counts, & Pizzuto, 2013). As a 
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result of these drivers, environmental pressures include: increasing waste emissions, increasing 
consumption, and increasing production. 
Global energy predictions indicate that by 2040, under recent government policy commitments, 
demand for all fossil fuels will rise; however, the consumption of energy generated from fossil fuels will 
fall from 82% (in 2012) to 74% (in 2040) (International Energy Agency, 2014). While global oil 
consumption is predicted to fall slightly, with demand higher in some regions, natural gas demand is set 
to rise the fastest among fossil fuels, so as to be the leading fuel for Organisation for Economic 
Cooperation and Development markets by 2040 (International Energy Agency, 2014). Global coal 
demand is set to grow through 2040; however, measures to reduce pollution and carbon dioxide will 
affect its use (International Energy Agency, 2014).  
Australia has abundant energy resource reserves, including coal and natural gas, and ranks at the 
top of global exporters of coal and liquefied natural gas (Geoscience Australia and ABARE, 2010). Total 
energy production in Australia is projected to grow at an average of 3.2% per year through to 2030 
(Geoscience Australia and ABARE, 2010). It is expected that gas production will rise substantially, 
making up 24% of total Australian energy production. Coal production, while still projected to increase 
each year up to 2030, is predicted to fall after that, in terms of the country’s total energy production 
(Geoscience Australia and ABARE, 2010). 
A central part of the intersection and management of community, economic, and environmental 
factors is known as environmental health, which is considered a cornerstone of the public health sector 
(Vickers & Lease, 2008). The definition of environmental health for this study is from the World Health 
Organization definition (2012), which states that the state of human health is often determined by 
exposure to external environmental factors. This integrates environmental processes, human activities, 
and human well-being (Briggs, 2008). Globally, 24% of the burden of disease (or 13 million premature 
deaths) is attributed to environmental factors (Prüss-Üstün, Bonjour, & Corvalán, 2008). Resource 
development operations are typically associated with many of these environmental factors, such as 
ambient air, water, noise, and chemical and non-chemical stressors (Adgate et al., 2014), all of which 
present potential ERHIs. In Australia, a relatively recent report suggested that 14% of the burden of 
disease is preventable via environmental factors (World Health Organization, 2009).  
We are increasingly recognising the importance of our environment, which presents detrimental, as 
well as beneficial, determinants of health. While public health professionals are increasingly recognising 
this, indirect and complex pathways are often involved in environmental causes of health outcomes. This 
means that local community level attribution of health outcomes to specific environmental factors is often 
difficult to ascertain, mainly due to a lack of exposure data (Australian Institute of Health and Welfare, 
2011a; Briggs, 2008; Knol et al., 2010). Such exposure data is often lacking in studies that have examined 
UNGD and potential ERHIs. 
As will be discussed in this chapter, CSG is a young industry in Australia and, as such, many of the 
premises on which Australian negative health outcome statements are based derive from related 
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information about UNGD in the USA and other countries. The Introduction noted that much of the 
corresponding health-related research focuses on shale gas rather than on CSG. The majority of literature 
referenced in this work derives from these industries in the USA, serving as a ‘proxy’ for potential 
impacts associated with CSG development. Hence, there are very different implications in terms of these 
two industries and the potential environmental health hazards, meaning that shale gas-focused outcomes 
do not necessarily translate to the CSG context (Jagals, 2013; NSW Chief Scientist & Engineer, 2013).  
Due to the widespread community concern surrounding UNGD and potential ERHIs, a review was 
conducted to examine the strength of evidence of health impacts in the CSG environmental setting. 
Additionally, the review served to guide the selection of the two alternative settings: coal mining and 
rural/agricultural. 
1 Search and review strategy 
This was a narrative review based on literature retrieved from a variety of sources using a 
systematic search method. The literature was searched and subsequently screened for evidence of ERHIs 
associated with the environmental settings. The expected absence of studies based mostly on primary data 
was soon realised, necessitating expansion of the search to include literature reviews and studies that used 
secondary data, as well as studies that dealt with health risks and impacts (in the three settings) in a more 
general way.  
The general basis for the literature search was as follows:  
 Reports on studies that were published between January 1995 and March 2014 were retrieved, 
screened for relevancy, and reviewed. 
 These reports included peer-reviewed literature and grey literature (i.e., reports from government 
or research institutions sourced through reference lists of the previously identified peer-reviewed 
studies and/or located through the additional databases that were used in the search). 
 Searches were conducted in the literature databases PubMed, ScienceDirect, and Scopus. Google 
Scholar was also used to search, screening the first 50 results for potentially relevant studies. In 
addition to these databases, the Physicians, Scientists & Engineers Healthy Energy study citation 
database (http://psehealthenergy.org/site/view/1180) was searched. This database is regularly 
updated and includes many of the peer-reviewed journal articles that have been published on 
shale gas and tight gas development, hence its inclusion in the searches.    
 Search terms: 
The primary key search term was ‘health’ to capture any studies relating to topics such as 
‘environmental health’, ‘health impact’, and ‘health effect’. 
o For UNGD, including CSG: key secondary search terms that were combined with ‘health’ 
were ‘coalbed methane’, ‘coal bed methane’, ‘coal seam gas’, ‘natural gas’, ‘natural resource 
development’, ‘shale gas’, ‘tight gas’, and ‘unconventional gas’. 
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o For the coal mining setting: key secondary search terms that were combined with ‘health’ 
were ‘coal’ and ‘coal min*’. The latter was to ensure that words such as ‘mining’, ‘mined’, or 
‘mine’ would be picked up in the search. 
o For the rural setting: due to the targeted focus of this section (i.e., based on specific 
agricultural industries and a focus on human health) and the reduced search, the primary key 
search term still included ‘health’, but included variants, such as ‘human health’ or ‘rural 
health’, to differentiate between human and animal health. Key secondary search terms that 
were combined with ‘health’ (or variants thereof) were: ‘livestock’, ‘Australia’, ‘rural env*’, 
‘grazing agriculture’, ‘sheep’, and ‘cattle’. These terms were used to focus on Australia and to 
focus on the type of agriculture predominant in this setting (grazing agriculture of cattle and 
sheep). 
1.1 Assigning relevancy 
The review focused on studies that examined evidence of ERHIs associated with exposure to the 
activities of UNGD, coal mining, or the rural/agricultural setting.  
Not all the studies that were identified through the search strategy were completely relevant. To 
gauge the measure of evidence of ERHIs associated with the settings, studies (primarily UNGD and coal 
mining) were screened and categorised according to a relevancy classification developed for this study: 
 ‘Highly relevant’: studies based on primary or secondary data collected or analysed by the 
authors. Clear evidence of health impacts is presented, providing evidence of either direct 
causality or strong associations between environmental factors resulting from UNGD (or coal 
mining) and health outcomes (symptoms, illness) (e.g., epidemiological studies); 
 ‘Relevant’: studies based on primary or secondary data, which contain indirect assessment of 
health impacts. The evidence is also indirect in terms of it being based on broad associations 
between environmental factors resulting from UNGD (or coal mining) and health outcomes. The 
association between environmental factors and health outcomes are generally inferred and are 
typically found in studies related to risk assessments, calculations of cancer/non-cancer 
endpoints, monitoring, and assessment protocols to characterise risks; 
 ‘Not very relevant’: studies that have a general discussion about implications of UNGD (or coal 
mining) for health, but do not present clear evidence of relevant hazards, exposures, or health 
consequences. These studies include those that do not use primary or secondary data and discuss 
other studies that may fall into one of the preceding categories, such as a review or commentary; 
and 
 ‘Irrelevant’: reports excluded from the review, which included: 
o All environmental settings: 
 Studies published prior to 1995 or non-English studies; 
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 Occupational health studies (discussed in Chapter 1) and studies focused on human factors or 
fatalities and injuries; 
 Animal studies (see Chapter 1) and studies focused on biodiversity, habitat selection, and 
species occurrence; 
 Studies clearly describing environmental impacts with no discussion of human health (e.g., 
emissions, hazardous discharges); and 
 Studies with views from environmental, industry, or social action groups.  
o The CSG setting: 
 Downstream processes associated with UNGD (e.g., transportation of raw gas, purification 
to saleable gas); 
 Studies focused on sour gas, oil, or offshore drilling; and 
 Studies related to impacts of natural gas combustion or technical aspects of processing. 
o The coal mining setting: 
 Studies focused on coal combustion, preparation, processing, or coal use; 
 Studies related to coal ash, coal fires, coal gasification, or coal tar; and 
 Studies focused on coal-fired power plants. 
o The rural/agricultural setting: 
 Studies focused on intensive livestock production such as concentrated animal feeding 
operations; 
 Studies related to primary care in rural areas and healthcare accessibility; and 
 Studies focused solely on livestock health. 
2 Review outcome 
Initial search terms for the primary environmental setting and the coal mining setting yielded over 
1,000 studies; however, the screening and relevancy categorisation process resulted in fewer publications 
relevant to this review. Therefore, the exclusion process meant that many of the results were studies 
related to the categories listed under ‘irrelevant’, so these studies did not discuss UNGD (or coal mining) 
and related health impacts. The rural setting presented a diverse range of studies, many of which were 
irrelevant to this review; hence, the more targeted search approach. 
2.1 Primary environmental setting: ERHIs related to CSG 
As previously mentioned, the expansion of UNGD has caused community residents, as well as 
medical and public health professionals, to voice concerns about the environmentally-related health 
impacts of natural gas (Ferrar et al., 2013; McDermott-Levy, Kaktins, & Sattler, 2013; McKenzie, Witter, 
Newman, & Adgate, 2012; Queensland Government, 2013d). Residents have reported a number of ERHIs 
thought to be associated with UNGD, including eye and throat irritation, headaches, nosebleeds, and 
vomiting (McDermott-Levy et al., 2013; Queensland Government, 2013d; Saberi, 2013; Subra, 2010). 
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While a number of studies call for more research into the potential for adverse health outcomes 
associated with UNGD, there appears to be a dearth of reporting on this issue in the literature. More 
specifically, there are significantly fewer studies specific to CSG than to other unconventional gas 
resources; hence, the need to expand the review to the broader category of UNGD. 
The screening and relevancy categorisation process of the literature search subsequently revealed 
109 UNGD-related publications. Table 2.1 shows the breakdown of studies from peer-reviewed and grey 
literature with the corresponding relevancy categories and type of UNGD. It was clear that the number of 
studies that were focused on CSG was limited, with substantially more studies focused on other forms of 
UNGD such as shale gas or tight gas. 
There were 70 studies from the peer-reviewed literature and 39 studies from the grey literature. Out 
of the 109 studies, only seven were deemed to be ‘highly relevant’ because they provided evidence about 
direct associations between environmental factors resulting from UNGD and health outcomes (Fryzek et 
al., 2013; Hill, 2012; McKenzie et al., 2014; S. Perry, 2013; Steinzor, Subra, & Sumi, 2012; Steinzor et 
al., 2013; Texas Department of State Health Services, 2010a). Thirty-eight studies were deemed 
‘relevant’ and 64 studies were deemed ‘not very relevant’.  
Table 2.1. Unconventional natural gas development (UNGD) studies included in this review categorised by 
type of study and corresponding relevancy categories. 
 
Highly 
relevant 
Relevant 
Not very 
relevant 
Total 
Peer-reviewed literature 4 17 49 70 
Coal seam gas (CSG) 0 2 1 3 
Other UNGD 4 15 45 64 
Gas type not specified 0 0 3 3 
Grey literature 3 21 15 39 
CSG 0 1 1 2 
Other UNGD 3 19 14 36 
Gas type not specified 0 1 0 1 
The seven studies that were deemed ‘highly relevant’ comprised a variety of study designs. The 
designs included cross-sectional studies, which also included some form of environmental testing or 
biomonitoring (Steinzor et al., 2012, 2013; Texas Department of State Health Services, 2010a), an 
ecological study (Fryzek et al., 2013), a retrospective cohort study (McKenzie et al., 2014), ‘difference-
in-differences’ design (Hill, 2012), and a qualitative study using an ethnographic approach (S. Perry, 
2013). 
There was also a clear distinction in terms of where studies have been conducted and in which 
geographical areas the research was focused. The majority of the studies were done in the USA, with only 
a small number of studies coming from other areas. Studies coming from the USA, or mainly discussing 
UNGD in the American context, comprised 87% of the total studies, while the remainder came from 
Australia, Canada, Europe, Germany, or the United Kingdom (see Table 2.2). A small number of studies 
did not mention a clear locality. 
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Table 2.2. Number of unconventional natural gas development (UNGD) studies classified according to type 
of literature and geographical area of focus. 
 Peer-reviewed literature Grey literature 
United States 62 33 
United Kingdom 3 1 
Europe 0 2 
Australia 1 1 
Canada 0 1 
Germany 1 0 
No specific locality 3 1 
When categorising the studies into the respective environmental health factors they represent, it 
could be seen that the majority of studies focused on typical environmental exposure media (e.g., air, 
water, soil), while a smaller number of studies were about infrastructure development related to UNGD. 
Some studies included aspects of societal impacts and disease symptomatology. The number of studies, 
categorised by type of literature and main topics, is shown in Table 2.3. 
Table 2.3. Unconventional natural gas development (UNGD) studies categorised according to topic of study, 
as well as associated environmental health impact area.a 
 Peer-reviewed literature Grey literature 
Impact through typical environmental exposure media  
Water and water quality 39 20 
Air and air quality 30 32 
Soil and soil quality 1 6 
Impact through infrastructure   
Noise and light 5 8 
Traffic 2 9 
Societal impact   
Disease symptomatology 12 9 
Risk perception 6 3 
Government and regulations 26 10 
a Note: Individual studies often covered multiple topics; therefore, the total number of studies in this table does not add up to the number of 
studies shown in Table 2.1. 
Very few studies were about long-term exposure to UNGD and the associated ERHIs; however, 
some studies did consider the long-term hazard potential through use of risk assessment and risk 
screening studies (AEA Technology, 2012; Barnett Shale Energy Education Council, 2010; Bunch et al., 
2014; City of Fort Worth, 2011; McKenzie et al., 2012; Zielinska, Fujita, & Campbell, 2011).  
2.1.1 Environmental exposure media 
For both peer-reviewed and grey literature, the majority of studies focused on impact through 
typical environmental exposure media, such as air and air quality and water and water quality, with some 
work on soil and soil quality. 
2.1.1.1 Water and water quality 
The results showed that one of the main concerns in relation to ERHIs is the impact of hydraulic 
fracturing (‘fracking’). Sixty-nine percent (69%) of the studies discussed hydraulic fracturing in relation 
to ERHIs and/or raised concerns about the impact of fracking and associated chemicals (Colborn, 
Kwiatkowski, Schultz, & Bachran, 2011; Kassotis, Tillitt, Davis, Hormann, & Nagel, 2014). In addition 
to studies focused on fracking, other studies that were water-related were associated with pollution of 
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aquifers due to mobilisation of naturally occurring chemicals or elements, for example, with organic 
compounds found in coal seams (Orem, Tatu, Lerch, et al., 2007), methane migration (Osborn, Vengosh, 
Warner, & Jackson, 2011), elevated levels of naturally occurring radioactive material (NORM) and the 
creation of technologically enhanced naturally occurring radioactive material NORM (Lechtenböhmer et 
al., 2011). 
Furthermore, there were also concerns about surface discharges of produced water and/or flowback 
water and the potential for contamination of surface water bodies (Adgate et al., 2014; AEA Technology, 
2012; Kaktins, 2011; Vidic, Brantley, Vandenbossche, Yoxtheimer, & Abad, 2013). With the storage of 
these waters comes the potential for an increase in vector-borne disease due to the incidental provision of 
more breeding habitats for pests such as mosquitoes (Zou, Miller, & Schmidtmann, 2006).  
2.1.1.2 Air and air quality 
The majority of studies in the air and air quality category were centred on air sampling and 
emissions inventories. These studies included some degree of health risk characterisation in conjunction 
with the environmental monitoring data (Barnett Shale Energy Education Council, 2010; Colorado 
Department of Public Health and Environment, 2009, 2010; Pennsylvania Department of Environmental 
Protection, 2011; Queensland Government, 2013d; Wolf Eagle Environmental, 2009). The imbalance in 
geographical diversity of these studies was noted, with most of the studies focused on air quality and the 
health impact potential of UNGD based in Garfield County, Colorado, Pennsylvania, or Texas. 
The literature related to air and air quality was concentrated on hazard descriptions of given 
pollutants and the environmental release of pollutants, as well as on the health concerns that could be 
linked to these pollutants. While naturally occurring methane seeps were mentioned in some studies, air 
quality concerns centred on diesel emissions, fugitive gas emissions, and venting from UNGD operations. 
The pollutants of concern included: benzene, carbon monoxide, hydrogen sulphide, nitrogen oxides, 
particulate matter (PM2.5/PM10), and volatile organic compounds (Colborn et al., 2011; Colorado 
Department of Public Health and Environment, 2009; Kibble et al., 2013; Zielinska et al., 2011). Many of 
the air and air quality-related studies fell in the ‘relevant’ category due to the use of air sampling and air 
monitoring networks where the data could be compared to compliance values to make inferences about 
ERHIs.  
Two ‘highly relevant’ studies focused on short-term impacts (e.g., preterm birth, low birth weight, 
and congenital malformations) on infant health (Hill, 2012; McKenzie et al., 2014). McKenzie et al. 
(2014) conducted a retrospective cohort study (1996-2009) to assess associations between birth outcomes 
and maternal exposure to UNGD. While the authors adjusted for a number of confounders (e.g., maternal 
education, maternal alcohol or smoking, and maternal ethnicity) (McKenzie et al., 2014), no real measure 
of socioeconomic status was included as a covariate in the models. Prevalence of congenital heart defects 
increased with increasing exposure (Odds ratio (OR): 1.3; 95% CI: 1.2-1.5 for the highest exposure 
tertile), and prevalence of neural tube defects was associated with the highest exposure tertile (OR: 2.0; 
95% CI: 1.0-3.9), but this was based on 59 cases (McKenzie et al., 2014).  
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Hill (2012) used a design that is not typically used in epidemiology (‘difference-in-differences’) to 
compare birth outcomes before and after (2003-2010) well completion for mothers residing within 2.5 km 
from UNGD. It was noted that the design “relies heavily on the assumption that the characteristics of 
mothers who live close to a permitted well are similar to those who live close to an actual existing well” 
(Hill, 2012, p. 4). While the results suggested UNGD exposure increases low birth weight and small for 
gestational age prevalence by 25% and 17%, respectively, and the author stated that this study provides 
evidence that UNGD detrimentally affects foetal development (Hill, 2012), numerous explanations (e.g., 
other changes in the area, including in/out migration) could be attributed to this rather than the 
explanation of pollution associated with UNGD. This study presents significant methodological 
limitations compared to the previous birth outcome study that was discussed. 
2.1.1.3 Soil and soil quality 
There were far fewer studies on soil and soil quality compared to studies on other traditional 
environmental exposure media. These studies discussed how soil could become contaminated (e.g., leaks, 
spills) and how residents could be exposed (e.g., ingestion, inhalation). Only one study presented data on 
soil quality, concluding that there was no association between the environmental monitoring data and 
ERHIs reported by community residents (Queensland Government, 2013d). 
2.1.2 Impact of infrastructure 
A small number of studies reported on the impact of infrastructure, such as compressor stations, 
drilling rigs, and an increase in the number of vehicles used to service operations associated with UNGD. 
With this infrastructure comes noise and light pollution, which can further contribute to the stress 
experienced by nearby residents and affect quality of life (Korfmacher, Jones, Malone, & Vinci, 2013; 
Texas Department of State Health Services, 2010a; Witter et al., 2008a, 2008b). 
2.1.2.1 Noise and light 
UNGD processes are associated with noise and light pollution. Such impacts resulting from UNGD 
infrastructure can contribute to stress in those living near UNGD operations (Down, 2012; Korfmacher et 
al., 2013; Peduzzi & Harding Rohr Reis, 2013; Witter et al., 2008a). Vehicles, drilling, construction 
activity, compressor stations, and flaring can all contribute to noise and light pollution through excessive 
noise, as well as continuous illumination (Cleary, 2012).  
Noise pollution was noted as one of the identified areas of concern in a health impact assessment 
(HIA) conducted in Colorado (Witter et al., 2011). Likewise, in a study from Texas, authors noted that 
residents had complaints about noise from nearby compressor stations, which can affect quality of life 
(Texas Department of State Health Services, 2010a). Cumulative impacts of multiple projects must be 
considered because one project might meet the set standards, but those standards may be exceeded with 
multiple projects in one area (La Plata County, 2002). 
Studies on ERHIs of light pollution were virtually non-existent. The few studies that did discuss 
light pollution discussed it in the context of measures that companies can take to reduce light pollution 
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(e.g., directional lighting, light shields, and sodium vapour lighting) (New York State Department of 
Environmental Conservation, 2011; Witter et al., 2011). None of the studies that covered noise and light 
pollution were considered ‘highly relevant’ due to the lack of any form of assessment of noise or light 
pollution and the potential or actual human health impacts. 
2.1.2.2 Traffic 
The studies that discussed traffic focused on the increasing traffic associated with UNGD and the 
pollutants associated with heavy traffic, such as PM and diesel exhaust, which can also affect quality of 
life for nearby residents (Governor's Marcellus Shale Advisory Commission, 2011; Hill, 2012; 
Korfmacher et al., 2013; New York State Department of Environmental Conservation, 2011; Witter et al., 
2011). Cumulative impacts were also discussed, with the authors noting that more than one project in an 
area can contribute to increases in traffic due to construction, drilling, and transportation associated with 
overlapping development phases across numerous projects (New York State Department of 
Environmental Conservation, 2011; Witter et al., 2011). 
The previously mentioned HIA that was conducted in Garfield County, Colorado identified traffic 
as an area of concern, with its potential for increased risks of traffic accidents, as well as of health effects 
associated with diesel exhaust (Witter et al., 2011). Additionally, an emissions inventory study in Garfield 
County, Colorado found increased levels of PM2.5, which were thought to be caused by UNGD (Colorado 
Department of Public Health and Environment, 2009). Some of the research suggested minimal health-
related impacts due to traffic, while other research suggested more substantial impacts, but the magnitude 
of impacts will likely depend on numerous factors such as the number of projects in one area and the pace 
of development. 
2.1.3 Societal impact 
UNGD can affect a resident’s quality of life in numerous ways. In addition to the environmental 
factors (e.g., air quality, noise, traffic), UNGD has the potential to affect stress levels, contribute to 
financial concerns, and can be perceived to have a variety of impacts on humans (Ferrar et al., 2013). The 
rapid changes that a community undergoes with UNGD can often contribute to the above societal impacts 
(Steinzor et al., 2013), where the literature focuses on symptomatology, risk perception, and governance 
or regulation. 
2.1.3.1 Disease symptomatology 
The majority of studies that fell in the ‘highly relevant’ category discussed symptomatology in 
some way, most likely due to the fact that these studies were reporting on evidence of ERHIs. While 
some of these studies were deemed ‘highly relevant’, those that focused specifically on symptomatology 
were cross-sectional studies and used non-random sampling (Steinzor et al., 2012, 2013), which can result 
in selection bias. Therefore, the generalisability of the findings from these studies is limited. Residents 
reported numerous symptoms believed to be linked to UNGD, including fatigue, headaches, nosebleeds, 
and respiratory symptoms (Bamberger & Oswald, 2012; Queensland Government, 2013d; Saberi, 2013; 
Steinzor et al., 2013; Subra, 2009, 2010). Some studies also found that residents noted their symptoms 
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dissipated after leaving the area and reappeared when they returned to the area (Queensland Government, 
2013d; Steinzor et al., 2013).  
A cross-sectional study conducted in the USA found that reporting of health symptoms decreased 
as the distance from UNGD operations increased (Steinzor et al., 2012). For example, 74% of respondents 
living within 500 feet of any facility reported throat irritation, and 27% reported this symptom at 1500-
4000 feet away from any facility (Steinzor et al., 2012). This study was also one of a number of studies 
that collected data on odour events, with residents reporting odours of rotten eggs, burnt butter, sulphur, 
and chemical-like smells (Steinzor et al., 2012; Subra, 2009, 2010). Some of the reported health 
symptoms were then linked to the reported odours; for example, nosebleeds were linked to kerosene and 
other petrochemical odours (Steinzor et al., 2012).  
While residents have reported a range of symptoms, which are typically generalised symptoms, no 
studies have shown evidence of direct cause and effect. Many of the nonspecific symptoms associated 
with UNGD could also reflect psychosocial stress in residents (Adgate et al., 2014), which could be 
considered a health outcome in itself. 
In addition, a small number of studies have examined cancer incidence, including childhood 
cancer, childhood leukaemia, childhood central nervous system tumours, all-ages non-Hodgkin’s 
lymphoma, and breast cancer, in relation to UNGD. Two studies that used race-, sex-, and age-specific 
cancer incidence rates noted that the number of breast cancer cases was statistically significantly higher 
than expected (Standardised incidence ratio: 1.4; 99% CI: 1.1-1.7 for females (all-ages) in post code 
75028; Standardised incidence ratio: 1.3; 99% CI: 1.1-1.5 for females (all-ages) in post code 75022 and 
75028, combined), but this was attributed to rapid increases in the population rather than UNGD (Texas 
Department of State Health Services, 2010b, 2011).  
The third study used an ecological design to examine childhood cancer incidence before and after 
fracking (Fryzek et al., 2013). The authors found that the total number of cancers observed was close to 
expected before drilling began and after drilling (Standardised incidence ratio: 0.94; 95% CI: 0.90-0.99 
and Standardised incidence ratio: 1.02; 95% CI: 0.98-1.07 for all cancers before and after drilling, 
respectively) (Fryzek et al., 2013). Ultimately, all of these studies concluded that UNGD is not linked to 
increased risk of cancer (Fryzek et al., 2013; Texas Department of State Health Services, 2010b, 2011).  
2.1.3.2 Risk perception 
Only a small number of studies examined risk perception, demonstrating the need for a comparison 
between public perception and actual data, as well as the need for improved risk communication. The 
public often creates perceptions based on the scientific and regulatory investigations of UNGD (S. Perry, 
2012). Perception of health risk posed by UNGD is important to consider as uncertainty experienced by 
community residents can then lead to higher levels of stress and anxiety (S. Perry, 2012, 2013).  
Some studies found that community residents in UNGD areas were concerned about the risk of 
developing cancer (Merkel, Bicking, & Sekhar, 2011), felt that their health was worse than that of 
residents in neighbouring areas without UNGD (Coons & Walker, 2008), and were more or less likely to 
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support UNGD based on their perception of UNGD as an environmental and public health threat 
(Kriesky, Goldstein, Zell, & Beach, 2013). While these studies demonstrate that there is a fear of the 
unknown for many residents, it is not yet clear if some health impacts will manifest, because of latency 
periods between exposure and effect. There is also a lack of empirical research on risk perception linked 
with available data on ERHIs. 
2.1.3.3 Regulatory aspects 
Finally, the governance and regulatory-related studies were clearly dominated by discussions of 
regulations in the United States. However, a number of themes did emerge from the governance and 
regulatory studies, including the need for inclusion of public health professionals in government 
commissions and agencies (Goldstein, Kriesky, & Pavliakova, 2012; Korfmacher et al., 2013; S. Perry, 
2012), increased transparency and public participation (Jenner & Lamadrid, 2013; S. Perry, 2012), and 
stronger regulation of UNGD (Centner & O'Connell, 2014; Jackson, Rainey Pearson, Osborn, Warner, & 
Vengosh, 2011; Jenner & Lamadrid, 2013; Kotsakis, 2012; Wang, Chen, Jha, & Rogers, 2014). Likewise, 
a number of studies called for baseline and prospective epidemiological studies, which were shown as 
clearly lacking, and they also called for the use of caution in moving forward (de Melo-Martín, Hays, & 
Finkel, 2014; Finkel & Hays, 2013; Finkel & Law, 2011; Korfmacher et al., 2013; Mitka, 2012). 
2.1.4 Primary environmental setting conclusion 
It is clear that there is a lack of ‘highly relevant’ evidence with respect to direct health outcomes or 
strong associations of such outcomes in relation to UNGD. The research is mostly made up of studies 
discussing traditional environmental exposure media and there are still unknowns in a number of areas, 
including vector-borne disease, soil and soil quality, and noise and light pollution. The majority of the 
research also focuses on short-term outcomes, with only a few studies including long-term outcome 
discussions in the form of risk assessments. There is a disproportion in the studies in terms of the 
geographical focus, which may be due to the timeframe of UNGD in the United States, demonstrating the 
need for more research in other areas to determine if the ERHIs are similar or if other concerns also need 
to be considered. Generally, the available studies use weaker study designs and are lacking 
methodological rigour, with limited systematically gathered, scientific evidence of ERHIs associated with 
UNGD. Future work should be focused on baseline monitoring, as well as prospective studies, to identify 
what ERHIs may result from UNGD. 
2.2 Alternative environmental setting: ERHIs related to coal mining 
Similarly to the case of CSG in Australia, it has been recognised that there has been no overview of 
health impacts associated with coal mining in relation to Australian residents (Castleden, Shearman, 
Crisp, & Finch, 2011; Colagiuri et al., 2012). However, environmental change and its impact on nearby 
residents in Australia has been discussed in a number of studies (Albrecht et al., 2007; Connor, Albrecht, 
Higginbotham, Freeman, & Smith, 2004; Higginbotham, Connor, Albrecht, Freeman, & Agho, 2006; 
Hossain et al., 2013). These studies typically focused on mental health-related outcomes, or centred on 
‘purpose-built’ towns, which were company-created ‘mining’ towns often located in remote areas (Lovell 
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& Critchley, 2010; Petkova, Lockie, Rolfe, & Ivanova, 2009; Sharma & Rees, 2007). In this next part of 
the review, the focus is on studies that involved community residents in traditionally rural urban areas 
where coal mining has been underway for some time, as opposed to studies of residents of ‘mining’ 
towns.  
The screening-and-relevancy categorisation process described above yielded 87 publications for 
review. Table 2.4 shows the breakdown of studies from peer-reviewed and grey literature with the 
corresponding relevancy categories. 
Table 2.4. Coal mining-related studies included in this review categorised by type of study and corresponding 
relevancy categories. 
 Highly relevant Relevant Not very relevant Total 
Peer-reviewed literature 39 17 18 74 
Grey literature 1 3 9 13 
There is a clear difference between the coal mining and UNGD-related literature. The majority of 
the coal mining-related studies were ‘highly relevant’. Many of these studies were epidemiological 
studies with a focus on using datasets to examine health-related outcomes (e.g., cancer, morbidity) in 
relation to some environmental measure (e.g., comparative areas, use of coal production data) and other 
factors (e.g., gender, socioeconomic status, smoking status). In the majority of these studies, retrospective 
ecological analyses were conducted based on the available data. All studies were observational. Table 2.5 
provides a summary of the highly relevant studies, including the study design that was used, the health 
outcome of interest, and if comparative areas were used (e.g., mining versus non-mining areas). 
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Table 2.5. A summary of the coal mining-related studies that were deemed ‘highly relevant’, noting the study design, health outcomes, and use of comparative areas. 
Author Study design Relevant health outcomes 
Comparative 
areas?a 
Ahern, Mullett, MacKay, & Hamilton (2011) Cross-sectional, retrospective analysis Low birth weight Yes 
Ahern, Hendryx, et al. (2011) Retrospective ecological analysis Congenital anomalies Yes 
Albrecht et al. (2007) Qualitative including ethnographic fieldwork Distress, solastalgiab No 
Borak, Salipante-Zaidel, Slade, & Fields (2012) Retrospective ecological analysis All-cause mortality Yes 
Brink et al. (2014) Retrospective ecological analysis Respiratory disease hospitalisation Yes 
Buchanich, Balmert, Youk, Woolley, & Talbott 
(2014) 
Retrospective cohort 
Total, all external, and all cancer 
mortality 
Yes 
Bunnell et al. (2006) Ecological with experimental (water samples) Cancer of renal pelvis Yes 
Christian, Huang, Rinehart, & Hopenhayn (2011) Retrospective ecological analysis (spatial scan statistics) Lung cancer Yes 
Connor et al. (2004) Qualitative Distress, solastalgia No 
Esch & Hendryx (2011) Retrospective ecological analysis Chronic cardiovascular disease mortality Yes 
Fernández-Navarro, García-Pérez, Ramis, Boldo, 
& López-Abente (2012) 
Retrospective ecological analysis Cancer mortality Yes 
Hendryx (2008) Retrospective ecological analysis Total mortality Yes 
Hendryx, O’Donnell, & Horn (2008) Retrospective ecological analysis Lung cancer mortality Yes 
Hendryx (2009) Retrospective ecological analysis 
Heart, kidney, and respiratory disease 
mortality 
Yes 
Hendryx & Zullig (2009) Retrospective analysis with cross-sectional design Coronary heart disease and heart attack Yes 
Hendryx (2011) Retrospective ecological analysis Mortality rates and poverty Yes 
Hendryx (2013) Cross-sectional Self-reported personal and family health Yes 
Hendryx & Ahern (2008) Cross-sectional with ecologic design 
Health status, cardiopulmonary diseases, 
diabetes, kidney disease, cancer, arthritis 
Yes 
Hendryx, Ahern, & Nurkiewicz (2007) Ecological 
Lung cancer, COPDc, hypertension, 
heart/kidney disease, heart failure, asthma 
Yes 
Hendryx & Entwhistle (2015) Cross-sectional (with biomonitoring) Blood inflammation Yes 
Hendryx, Fedorko, & Anesetti-Rothermel (2010) Retrospective ecological analysis Cancer mortality Yes 
Hendryx & Innes-Wimsatt (2013) Cross-sectional Depression Yes 
a Note: Includes the use of mining and non-mining areas, area with different types of coal mining, or areas with varying levels of coal production. 
b Note: The term solastalgia has origins in the concepts of solace and desolation, with solastalgia defined as “the pain or sickness caused by the loss or lack of solace and the 
sense of isolation connected to the present state of one’s home and territory” (Albrecht, 2005, p. 45). 
c Note: COPD = chronic obstructive pulmonary disease. 
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Table 2.5 continued. 
Author Study design Relevant health outcomes 
Comparative 
areas?a 
Hendryx & Luo (2014)  Cross-sectional Respiratory symptoms and COPDc Yes 
Hendryx, Wolfe, Luo, & Webb (2011)  Cross-sectional Self-reported cancer Yes 
Higginbotham et al. (2006)  Cross-sectional Environmental distress, solastalgiab Yes 
Higginbotham, Heading, McElduff, Dobson, & 
Heller (1999)  
Descriptive epidemiologic Coronary health outcomes Yes 
Hitt & Hendryx (2010)  Retrospective ecological analysis Cancer mortality Yes 
Howel, Darnell, & Pless-Mulloli (2001)  
Case-control (paired communities and environmental 
sampling) 
Acute respiratory health Yes 
Lamm et al. (2015)  Retrospective Congenital anomalies Yes 
Liao et al. (2010)  Retrospective ecological analysis Neural tube defects Yes 
Merritt, Cretikos, Smith, & Durrheim (2013)  Retrospective ecological analysis 
Problems managed by general practitioners 
and medications 
Yes 
S. Moffatt & Pless-Mulloli (2003)  Qualitative Perceptions on respiratory health No 
Mohapatra (2010)  Cross-sectional (with environmental sampling) Tuberculosis No 
New South Wales Health (2010)  Descriptive epidemiologic and cross-sectional 
Respiratory and cardiovascular disease, 
cancer, self-reported health 
Yes 
Pless-Mulloli et al. (2000)  
Case-control (paired communities and environmental 
sampling) 
Acute and chronic respiratory health Yes 
Riva, Terashima, Curtis, Shucksmith, & 
Carlebach (2011)  
Analytical cross-sectional 
Limiting long-term illness, self-reported 
health, mental disorders 
Yes 
Shandro, Koehoorn, et al. (2011)  Retrospective ecological analysis Cardiovascular disease and mental disorders Yes 
Woolley, Meacham, Balmert, Talbott, & 
Buchanich (2015)  
Retrospective ecological analysis Mortality Yes 
Zullig & Hendryx (2010)  Retrospective analysis with cross-sectional design Health-related quality of life Yes 
Zullig & Hendryx (2011)  Retrospective analysis with cross-sectional design Health-related quality of life Yes 
a Note: Includes the use of mining and non-mining areas, areas with different types of coal mining, or areas with varying levels of coal production. 
b Note: The term solastalgia has origins in the concepts of solace and desolation, with solastalgia defined as “the pain or sickness caused by the loss or lack of solace and the sense of isolation connected to the present state of one’s home and 
territory” (Albrecht, 2005, p. 45). 
c Note: COPD = chronic obstructive pulmonary disease. 
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The difference in the types of studies reported from UNGD areas versus coal mining areas could be 
due to the fact that the coal mining industry is more established and has a more pronounced presence, 
leading to more studies being conducted over a longer period of time. It is possible that a need for studies 
assessing exposure was previously identified due to more pronounced environmental exposures in coal 
mining areas. It is known that coal miners are exposed to a variety of toxic materials and agents, 
including asbestos, coal dust, diesel particulate matter, silica dust, noise, and solvents (Scott, Grayson, & 
Metz, 2004) and, while residents living near coal mining sites may be exposed to these toxins in less 
concentrated forms, larger populations of individuals are exposed (Hendryx et al., 2007). It has also been 
noted that Australia’s mining boom has been a result of increasing demand for fossil fuels, particularly 
from China (Colagiuri & Morrice, 2015), and such demand might exacerbate the adverse health effects of 
coal mining-related activities such as those related to occupational hazards, as well those associated with 
residential exposures (Hendryx & Ahern, 2008). 
In contrast to the findings from the review of coal mining studies, the majority of the UNGD 
literature fell in the ‘not very relevant’ category, and the majority of those that were ‘highly relevant’ did 
not use strong epidemiological study designs, had methodological weaknesses, and were limited in the 
generalisability of their findings. This can be attributed to the industry being newer and due to all of the 
unknowns related to potential impacts. As with the increasing demand for coal, Australia is increasingly 
developing UNGD resources to meet global demand (Molyneaux, Froome, Wagner, & Foster, 2014), so 
this may also intensify the potential negative health effects of such development due to increasing 
exposure. Many of the UNGD-related reports were speculative in nature or were commentary pieces.  
As with the UNGD-related literature, there was a clear distinction in terms of where coal mining-
related studies were conducted including the geographical area of interest. The majority of peer-reviewed 
or grey literature studies on the health impacts of coal mining were conducted in the USA or Australia, 
with fewer in Canada, China, India, and the United Kingdom, for instance (see Table 2.6). 
Table 2.6. Number of coal mining-related studies classified according to type of literature and geographical 
area of focus. 
 Peer-reviewed literature Grey literature 
United States 34 4 
Australia 17 4 
India 5 0 
United Kingdom 5 1 
Eastern Europe 4 1 
Canada 2 1 
China 2 0 
Brazil 1 0 
Spain 1 0 
No specific locality 3 2 
For literature related to coal mining, an additional ‘exposure-related proxies’ category was included 
in the review process because many studies used some form of environmental exposure proxy (i.e., 
mining area versus non-mining area, varying levels of coal production, type of coal mine, or proximity to 
coal mining operations). This is likely due to the fact that health impacts associated with coal mining have 
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been of research interest for a longer time period, so studies are more methodologically advanced than 
studies related to UNGD. These studies include the use of an epidemiological approach with the said 
proxies. The majority of studies included in the review were in the exposure-related proxies category or in 
the typical environmental exposure media category (shown in Table 2.7).  
Table 2.7. Coal mining-related studies categorised according to type of study.a 
 
Peer-reviewed 
literature 
Grey literature 
Impact through typical environmental exposure media  
Air and air quality 22 4 
Water and water quality 19 8 
Soil and soil quality 1 0 
Impact through infrastructure   
Noise/light 2 1 
Vibration 0 1 
Exposure-related proxies   
Mining vs non-mining (comparative  
areas) 
34 3 
Coal production levels 18 1 
Type of coal mine (e.g., open-cut,  
mountaintop mining) 
6 1 
Proximity to coal mining operations 6 0 
Societal impact   
Mental health/environmental distress 13 4 
Environmental justice 6 0 
Risk perception 4 0 
a Any one study could cover multiple topics; therefore, the total number of studies will not add up to the number of studies shown in 
Table 2.4. 
While studies related to occupational health have been conducted in the context of coal mining, 
there is also evidence that coal mining can affect the health of community residents living near these 
operations (Hendryx, 2009; Hendryx et al., 2007; Pless-Mulloli et al., 2000). Although the research on 
ERHIs on residents living near coal mining operations in Australia is fairly limited, a growing body of 
international evidence, particularly from the USA, suggests ERHIs associated with coal mining for those 
residing nearby. However, there is still a need for methodologically rigorous studies assessing the 
physical and mental health impacts of mining activity (Colagiuri & Morrice, 2015), including the need for 
direct measures of occupational exposures to determine if observed health effects are attributable to 
occupational exposure (Hendryx, 2009).  
The majority of the USA-related research on health impacts related to coal mining comes from 
Appalachia, where coal mining, including mountaintop mining (MTM), is an important industry; 
however, much of this work is anecdotal (Hendryx et al., 2007). The majority of Australian studies focus 
on the Hunter Valley in New South Wales. While MTM is not used in Australia (Colagiuri et al., 2012), 
studies focusing on MTM are included in this review to provide context for the coal mining setting. 
A variety of environmental factors associated with coal mining have environmentally-related health 
impact potential, with residents possibly being exposed via air, soil, and water (Kurth, Kolker, et al., 
2014). It is likely that the coal mining environment would present a high-impact environmental setting 
due to a larger environmental footprint, greater environmental change, and potential exposures from the 
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nature of operations (e.g., open-cut, MTM). Pollutants generated by coal mining typically come from 
emissions from machinery (e.g., diesel), dust and particulate emissions from mine workings or waste 
(e.g., overburden), and pollutants that have dissolved in water (Weng, Mudd, Martin, & Boyle, 2012). 
These pollutants, which can result in ERHIs, include: carbon monoxide, nitrogen oxides, sulphur dioxide, 
and particulate matter (PM) (Weng et al., 2012). In relation to burden of disease, PM is of most concern 
due to morbidity and mortality attributed to exposure to this pollutant (New South Wales Health, 2010).  
2.2.1 Environmental exposure media 
2.2.1.1 Water and water quality 
Some studies have examined water quality in coal mining areas to determine levels of certain 
contaminants and how these may relate to human health (Christian et al., 2011; Gupta, 1999; McAuley & 
Kozar, 2006; Sheets & Kozar, 2000), while others have discussed water contamination in a broader 
context (CCSG Associates, 2004; Finkelman & Gross, 1999; Finkelman et al., 2002; Morrice & 
Colagiuri, 2013). The majority of water quality-related studies were in the ‘not very relevant’ category. 
A study in the USA tested water samples from a variety of sources (e.g., private wells, city water 
supply, spring water) in a region with a high incidence of arsenic-related cancers and diseases (e.g., 
bladder and lung cancer, cardiovascular disease, hypertension). In this study, more than 50% of the 
samples had arsenic levels greater than 1 ppb, and approximately 25% of samples contained levels over 
the minimum Maximum Contaminant Level of 3 ppb (Shiber, 2005). Another study found levels of 
arsenic, barium, beryllium, lead, and selenium in drinking water to be greater than the Maximum 
Contaminant Levels, with healthcare professionals in the area associating poor health in the area (e.g., 
high rates of birth defects, dementia, kidney failure, thyroid disorders) with poor water quality (Stout & 
Papillo, 2004).  
In the southern United States, Bunnell et al. (2006) examined cancer registries and well water 
samples and noted significant associations between renal pelvic cancer rates and hydrocarbons and/or 
microbes associated with kidney disease. Such hydrocarbons and microbes were found at higher levels in 
the water sources of known lignite or coal deposits (Bunnell et al., 2006). In an attempt to provide an 
indicator of human cancer mortality rates, Hitt & Hendryx (2010) characterised ecological integrity of 
streams and examined this in conjunction with cancer mortality rates. Certain types of cancer (i.e., 
digestive, respiratory, urinary) rates increased as ecological integrity decreased, where coal mining was 
significantly associated with lower ecological integrity and higher cancer mortality (Hitt & Hendryx, 
2010). 
The organic compounds found in coal-associated waters are typically aromatic, and numerous 
compounds are toxic and/or carcinogenic (Fisher & Santamaria, 2002). The compounds of interest are 
polycyclic aromatic hydrocarbons, aromatic amines, and heterocyclic compounds, which can act as 
endocrine disruptors, can have nephrotoxic activity, and can be carcinogenic (Orem, Tatu, Pavlovic, et al., 
2007). A study of water samples in Queensland, Australia found that higher molecular weight 
polyaromatic hydrocarbons (e.g., benzo[a]pyrene) typically leach from higher rank coals, while lower 
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molecular weight polycyclic aromatic hydrocarbons (e.g., naphthalene, pyrene) leach from lower rank 
coals (Stearman, Taulis, Smith, & Corkeron, 2014). While some of the observed compounds were 
carcinogenic, Stearman et al. (2014) concluded that it was unlikely that these compounds were acutely 
toxic at the observed concentrations. 
A number of studies examined coal-associated compounds in natural waters and the potential for 
health impacts, including Balkan Endemic Nephropathy (or Panendemic Nephropathy for areas outside of 
the Balkans) (Orem, Feder, & Finkelman, 1999; Orem & Tatu, 2001; Orem et al., 2004; Orem, Tatu, 
Pavlovic, et al., 2007). These outcomes relate to toxic organic compounds derived from coal, which can 
seep into water supplies, resulting in higher incidence of kidney disease in populations using untreated 
water as a water source (Orem, Tatu, Pavlovic, et al., 2007). Leaching tests on coal samples from Balkan 
Endemic Nephropathy areas found that there were more organic compounds than in other areas and the 
compounds existed in higher concentrations in the Balkan Endemic Nephropathy area coal samples 
compared to other coal samples (Maharaj, Orem, Tatu, Lerch, & Szilagyi, 2014). 
Ahern & Hendryx (2008) noted that, while there are studies that provide evidence of water 
pollution associated with coal mining, studies that link water quality to health impacts are limited. 
2.2.1.2 Air and air quality 
Unlike the UNGD-related studies, many of the coal mining studies did not use air quality data and 
incorporate this into some form of risk assessment or hazard characterisation; rather, many of the studies 
discussed air pollution in a broader context, with the majority of air quality-related studies in the ‘not very 
relevant’ category. Air pollution sources in coal mining areas include drilling and blasting, heavy vehicle 
movements, dragline operations, diesel powered coal trains, conveyor belts, crushing of coal in feeder 
breakers, mine fires, loading and unloading of coal and overburden, and waste removal (Climate and 
Health Alliance, 2015; Ghose & Majee, 2007; Higginbotham, Freeman, Connor, & Albrecht, 2010). It 
has been recognised that, while needed, air (and water) quality assessments have been largely omitted 
from mining communities (Ahern, Mullett, et al., 2011). 
One of the earlier studies on this topic examined environmental monitoring data in the United 
Kingdom in conjunction with general practitioner records and concluded that children in communities 
with open-cut mining had more general practitioner visits for respiratory conditions (OR: 1.42; 95% CI: 
1.13-1.79) and were exposed to a slightly higher amount of PM10 compared to children not living near 
open-cut mining (Pless-Mulloli et al., 2000). PM10 concentrations were similar across mining and non-
mining communities; however, PM10 concentrations were generally higher in the open-cut mining 
communities (Pless-Mulloli et al., 2000). Conclusions in a subsequent study noted the strength of the 
association between PM10 levels and respiratory health outcomes was similar across all communities 
(Howel, Darnell, & Pless-Mulloli, 2001). 
Kurth et al. (2014) assessed geochemical characteristics of PM around surface mining operations 
and found increased levels of aluminosilicates, which affect the respiratory system, and another study 
indicated higher inhaled deposited lung dose in surface mining areas (Kurth, McCawley, Hendryx, & 
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Lusk, 2014). Likewise, Jones et al. (2002) characterised airborne PM near open-cut coal mines and found 
that vehicle exhaust particles contributed to most of the measured ambient PM10 (approximately 95%), 
with the mineral make-up of ambient PM varying across sites with respective geology and mining 
operations. 
Ghose & Majee (2007) measured air quality via ambient air monitoring stations in India and found 
total suspended particulate matter to contain high levels of PM10, certain anions (e.g., chloride, nitrate, 
sulphate), and benzene, noting human health could be affected at the observed levels. Another study on 
air quality in India used dust samples from various types of locations near coal mining operations to 
quantify heavy metal concentrations and characterise human health risks (Rout, Masto, Ram, George, & 
Padhy, 2013). High levels of cadmium were found in the residential areas, while high levels of nickel 
were found in the high traffic areas, and high levels of lead were found in the petrol pump areas. While 
the risk characterisation showed no risks of health impacts from exposure to the elements tested, toddlers 
were found to be most vulnerable (chiefly attributed to hand-to-mouth behaviour), with potential health 
risks from exposure to cobalt, chromium, and lead exposure (Rout et al., 2013). 
In Australia, the National Pollutant Inventory provides estimates on emissions from various 
industrial facilities. Such data show that pollutant loads associated with coal mining and the respective 
intensities are generally increasing, with data from the Hunter Valley indicating differences in pollutant 
loads according to the type of coal mine (Weng et al., 2012). Residents in the Hunter Valley in Australia 
have expressed concerns about air pollution and potential ERHIs; however, there have been numerous 
barriers to a health study in the area such as interdependence of government and the resources industry, 
self-regulation of air quality monitoring, regulatory inertia, and study design issues (Higginbotham et al., 
2010). Residents in the Bowen Basin area of Queensland also expressed concerns about air pollution and 
increases in asthma cases (Petkova et al., 2009). Weng et al. (2012) concluded that data from the National 
Pollutant Inventory database should be linked with local or regional monitoring data and environmental 
health data. 
2.2.1.3 Soil and soil quality 
Only one study addressed soil quality. This study was conducted in mining and non-mining areas in 
India, and concluded that, while concentrations of copper, nickel, and zinc were below soil screening 
limits for human health risk assessment, levels of cobalt and vanadium exceeded soil screening limits 
(Masto et al., 2011). In the characterisation of human exposure via different pathways associated with soil 
(i.e., ingestion, dermal, inhalation), it was concluded that exposure to vanadium could pose health risks, 
and vulnerability of exposure was greatest for toddlers, followed by infants, then children (Masto et al., 
2011).  
2.2.2 Impact of infrastructure 
2.2.2.1 Noise and light 
In general, community noise has been found to adversely affect cardiovascular health, children’s 
school performance, sleep disturbance, and levels of annoyance (enHealth, 2004). Coal mining operations 
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can generate noise through blasting, vibration, traffic, and maintenance work and can impact upon 
determinants of health and lifestyle, including quality of life, sleep disturbance, annoyance, and stress 
(Chadderton, Elliott, & Williams, 2011). Residents living near open-cut mining operations in the UK 
noted noise and blasting as one of their main concerns (S. Moffatt & Pless-Mulloli, 2003).  
Stansfeld and Matheson (2003) found that the evidence of impacts associated with environmental 
noise was strongest for annoyance, sleep disturbance, and cognitive performance in adults and children. 
This was in a broader context beyond the mining industry. Research specific to community-related health 
impacts of noise associated with resource development is limited. It has been suggested that future 
research could consider the impacts of excessive or constant noise on community residents, which is often 
the subject of anecdotal reports from residents in the Hunter Valley (Colagiuri & Morrice, 2015). 
Light pollution has been addressed to an even lesser extent than noise pollution in the existing 
literature. Light pollution is any form of artificial light outside of the intended illumination area and open-
cut mine sites often need to use such light for safety and security reasons (Chadderton et al., 2011). 
However, potential health impacts due to light pollution are not well defined (Chadderton et al., 2011) 
2.2.2.2 Vibration 
Only one study found for this review discussed vibration, where it was noted that any studies on 
impacts of vibration are typically focused on worker health (Chadderton et al., 2011). This was noted as 
an area for future research – even if the health effects are perceived versus actual – as impacts can be 
indirect through anxiety and stress (Chadderton et al., 2011). 
2.2.3 Exposure-related proxies 
Many of the exposure-related proxy studies cut across different categories (e.g., a study might use 
mining and non-mining areas, as well as measure of coal production within the mining area). 
Additionally, while occupational exposure could be a contributing factor to the health effects that have 
been observed in these studies, the majority of the reviewed studies did not use a direct measure of 
occupational exposure. 
2.2.3.1 Mining versus non-mining areas 
A number of self-report studies have been conducted in coal mining regions. A study conducted in 
Kentucky found that poorer health conditions were reported in MTM communities compared to a non-
mining referent (Hendryx, 2013). For example, significant prevalence ratios were found for self-rated fair 
or poor health (Prevalence ratio: 1.40; 95% CI: 1.16-1.70), while results were not significant for a number 
of outcomes including coronary heart disease (Prevalence ratio: 1.31; 95% CI: 0.85-2.01) (Hendryx, 
2013).  
Additionally, Hendryx & Entwhistle (2015) examined blood inflammation in residents residing 
near surface coal mining operations versus residents living in non-mining areas. Residents living near 
mining activities self-reported significantly more symptoms and cardiopulmonary disease conditions and 
were found to have significantly elevated blood inflammation compared to residents in non-mining areas 
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(Hendryx & Entwhistle, 2015). This study was one of the few studies to use biomonitoring to assess 
ERHIs in relation to coal mining. 
In contrast, a study in the Hunter Valley noted no differences in self-reported health between 
residents (adults) in the Hunter New England Area Health Service (Prevalence: 80.5%; 95% Confidence 
limits: 79.3-81.7) compared to the rest of New South Wales (Prevalence: 80.4%; 95% Confidence limits: 
79.9-80.9), nor were there differences in self-reported health within regions of the Hunter New England 
Area Health Service (New South Wales Health, 2010). 
Several studies have included objective measures of health impacts. Buchanich et al. (2014) found 
no significant differences in total mortality rates for coal mining areas in Appalachia versus non-coal 
mining areas; however, there were significant differences in all cancer mortality by coal mining type. For 
example, the category with the greatest production values for total coal production had a relative risk 
(RR) of 1.06 (95% CI: 1.03-1.09) compared to the reference category of no coal production (Buchanich et 
al., 2014). On the contrary, Woolley et al. (2015) examined mortality rates in coal mining areas versus 
non-coal mining areas and found higher all-cause mortality rates (in addition to higher rates of poverty) in 
coal mining areas.  
Christian et al. (2011) found that elevated lung cancer incidence in certain counties in Kentucky 
could be associated with coal mining activity (RR: 1.21; p < 0.01; RR: 1.17; p < 0.01 for the first and 
second groups of counties, respectively) and, through gender-specific analyses, found that occupational 
exposures were not the only influence on this finding. Significant findings in another group of counties 
were attributed to the larger population, which would result in a higher number of cases, as well as the 
potential for exposure to pollution related to other industries and automotive transportation (Christian et 
al., 2011). Research from Appalachia has also suggested higher prevalence of respiratory symptoms and 
chronic obstructive pulmonary disease for those residing near MTM (Hendryx & Luo, 2014), with 
residents in Appalachian coal mining areas also reporting significantly higher risk of cardiovascular 
disease, chronic heart disease, and heart attack (Hendryx & Zullig, 2009). 
In Australia, a higher rate of death from cancer was observed in the Hunter New England Area 
Health Service compared with the rest of the state, although the higher rates were for cancers not known 
to be associated with air pollution (e.g., colorectal, prostate, melanoma) (New South Wales Health, 2010). 
In addition, all-cause death rates and cardiovascular disease death rates were higher in the Hunter New 
England Area Health Service compared to the rest of the state (677.32 per 100,000 person years; 95% CI: 
670.75-683.93 for the Hunter New England Area Health Service and 624.01 per 100,000 person years; 
95% CI: 621.67-626.34 for New South Wales for all-cause deaths; 245.83 per 100,000 person years; 95% 
CI: 241.94-249.76 for the Hunter New England Area Health Service and 226.45 per 100,000 person 
years; 95% CI: 225.06-227.85 for New South Wales for cardiovascular disease deaths). However, deaths 
due to chronic respiratory conditions were not dissimilar from the rest of New South Wales (New South 
Wales Health, 2010). 
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A nine-year monitoring study was also undertaken in the Hunter Valley to examine non-fatal 
myocardial infarctions and other health outcomes over time in a ‘coalfields’ area compared to other areas 
(Higginbotham, Heading, McElduff, Dobson, & Heller, 1999). This study found no decrease in the non-
fatal myocardial infarctions in the coalfields area, although the other areas did show a significant decrease 
over time. Residents in the coalfields area were twice as likely to go straight to hospital rather than go to a 
general practitioner or call an ambulance for a health issue compared to the rest of the Hunter region 
population (Higginbotham et al., 1999). 
The previously mentioned study conducted in the Hunter Valley noted higher rates of respiratory 
and cardiovascular diseases in some areas of the Hunter Valley compared with the rest of the state (New 
South Wales Health, 2010). The areas that did have higher rates were typically in more rural areas, and 
some of these areas also reported higher smoking rates (New South Wales Health, 2010). While this study 
noted impacts on health, a study that retrospectively examined general practitioner data from the Hunter 
Valley found no evidence of higher rates of health issues or medications prescribed for those residents 
compared to residents elsewhere in the state (Merritt, Cretikos, Smith, & Durrheim, 2013). 
Most of the coal mining-related studies appear to focus on adult health outcomes, with only a small 
number of coal mining-related studies focusing on ERHIs on children, some of which have been 
previously mentioned. In the USA, Ahern et al. (2011) examined the association between low birth 
weight outcomes and mother’s residence, specifying zero, moderate, or high levels of coal mining. Low 
birth weight outcomes occurred more frequently for residents in areas with moderate coal mining (OR: 
1.14; 95% CI: 1.04-1.25) or high coal mining (OR: 1.16; 95% CI: 1.08-1.25) than for those residents in 
areas with zero coal mining (Ahern, Mullett, et al., 2011). Another study found that the prevalence rate 
ratio for any birth defect was significantly higher in MTM areas compared to non-mining areas 
(Prevalence rate ratio: 1.26; 95% CI: 1.21-1.32), and prevalence rate ratios were higher specifically for 
circulatory, respiratory, central nervous system, musculoskeletal, gastrointestinal, urogenital, and ‘other’ 
birth defects (Ahern, Hendryx, et al., 2011). This study used data pooled from four neighbouring states in 
the USA. More recently, the data from one of these states has been re-analysed by a different group of 
researchers with improved methodology, so that distribution and quality of data were factored into the 
analyses. The authors concluded that there was no increased risk of birth defects for those residing in 
areas with coal mining versus those residing in areas with no coal mining (Lamm et al., 2015). 
One of the few studies to examine children’s health outcomes in relation to coal mining in 
Australia examined self-reported asthma (through parent or carer), as well as hospital admissions for 
asthma in the Hunter New England Area Health Service. The rate of self-reported asthma for children in 
this area was higher than for the rest of the state, although all regions of the Hunter New England Area 
Health Service were similar to one another (New South Wales Health, 2010). However, hospital 
admissions data showed that the rate of admissions for asthma in the Hunter New England Area Health 
Service was lower than for the rest of the state (New South Wales Health, 2010). Additionally, rates in 
two local government areas with heavy resource development activity were noticeably different.  
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2.2.3.2 Coal production levels 
Research has shown that there are higher mortality rates in Appalachian counties where coal 
mining is present, with an excess of 1,607 annual deaths in Appalachian coal mining areas (Hendryx, 
2008). Hendryx et al. (2008) also noted higher lung cancer mortality in areas with heavier coal mining 
activity, although smoking and poverty were also contributing factors. Conversely, Borak et al. (2012) 
used the same datasets as some of the previously mentioned studies to test the role of coal mining as an 
independent risk factor for mortality rates and found that, while factors such as greater poverty, lower 
income, and rural location were significantly associated with increased mortality, neither the presence of 
coal mining nor the level of coal mining were associated with significantly increased mortality . 
In Appalachia, Esch and Hendryx (2011) noted significantly higher levels of chronic 
cardiovascular disease mortality in MTM areas [F (12, 173) = 7.53, p < 0.0001, adjusted R2 = 0.30] and 
increasing mortality rates as a function of greater levels of surface mining [F (5, 26) = 5.9, p < 0.0009, 
R2 = 0.53]. Mortality rates for chronic heart (RR: 1.28; 95% CI: 1.25-1.30 for males; RR: 1.18; 95% CI: 
1.15-1.21 for females), respiratory (RR: 1.07; 95% CI: 1.04-1.10 for males; RR: 1.11; 95% CI: 1.07-1.15 
for females), and kidney disease (RR: 1.19; 95% CI: 1.13-1.25 for males; RR: 1.13; 95% CI: 1.06-1.21 
for females) were also higher for areas producing the most coal compared to non-mining areas (Hendryx, 
2009). Most coal miners are men, so mortality rates were analysed separately for males and females to 
test the hypothesis that results were not attributable to occupational exposures, which was supported by 
the results (Hendryx, 2009). Likewise, the volume of coal mining was found to be significantly related to 
hospitalisation risk for hypertension and chronic obstructive pulmonary disease, which could be linked to 
exposure to particulates or other pollutants resulting from coal mining operations (Hendryx et al., 2007).  
2.2.3.3 Type of coal mine 
A few studies examined ERHIs in conjunction with the type of coal mine (e.g., open-cut, 
underground, MTM). An ecological study conducted in Spain examined various mining operations, 
proximity to mining industries, and cancer mortality and found open-cut coal mining to be associated 
with excess mortality for colorectal (RR: 1.26; 95% CI: 1.04-1.51) and lung cancers (RR: 1.22; 95% CI: 
1.01-1.49), as well as brain (RR: 1.75; 95% CI: 1.19-2.57 ) and liver cancers for men (RR: 1.69; 95% CI: 
1.09-2.63) (Fernández-Navarro et al., 2012). In West Virginia, neither underground tonnage nor total coal 
production was associated with respiratory disease hospitalisation rates; however, surface coal production 
was found to be significantly associated with respiratory disease hospitalisation rates (Brink et al., 2014). 
2.2.3.4 Proximity to mining operations  
Some studies have used the distance from town of residence to the pollution source (i.e., coal mine) 
as a measure of population exposure to pollution (Fernández-Navarro et al., 2012; Hendryx et al., 2010), 
while others stratified analyses according to distance to coal mines (Liao et al., 2010). A study focused on 
a cluster of neural tube defects in the Shanxi province in northern China found that there may be an 
association between neural tube defects and coal mining pollution, with a significantly higher relative risk 
of neural tube defects for residents in the coal mining area (RR: 1.34; 95% CI: 1.00-1.78) (Liao et al., 
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2010). Hendryx et al. (2010) found a GIS-exposure measure (based on location of mining operations 
relative to population) to potentially be a better measure for assessing cancer mortality rates than using 
coal production levels as an exposure measure, and suggested that further investigation with person-level 
studies is warranted. Additionally, living in closer proximity to mines can negatively influence self-
reported perceptions of pollution (Shi & He, 2012). 
2.2.4 Societal impact 
2.2.4.1 Mental health and environmental distress 
A number of studies have raised issues about mental health impacts and environmental distress 
associated with coal mining. Most of the studies conducted in Australia have focused on the Hunter 
Valley. Connor and colleagues (2004) used a qualitative study design and found that significant distress 
was linked to negative changes in a person’s sense of place and well-being. Upon recognising the distress 
residents were experiencing in relation to environmental change in the Hunter Valley, Albrecht (2005) 
introduced the concept of ‘solastalgia’ and also discussed other terms, such as eco-anxiety, which is 
anxiety that is related to a person’s changing environment (Albrecht, 2011). Following the recognition of 
said distress, an Environmental Distress Scale (EDS) was created to measure bio-psycho-social impacts 
of environmental change (Higginbotham et al., 2006) (discussed further in Chapter 4, Section 2). This 
research showed that residents in coal mining areas scored higher on the EDS than those residents living 
in areas that were solely farming areas (t(201) = -11.2, p < 0.001); although, the areas did not differ on the 
‘trust’ subscale, which measured trustworthiness of environmental information sources (Higginbotham et 
al., 2006).  
Two studies have been conducted in Queensland on the impacts of coal mining on the mental 
health of community residents. These studies suggest that mining or proposed mining activities change 
community structures and create psychological stress due to the unknowns about the future (Hossain et 
al., 2013; J. Moffatt & Baker, 2013). This is important to note, as much of the resource development 
occurs in agricultural areas where farmers already face long-term and increasing pressures that contribute 
to psychological stress (J. Moffatt & Baker, 2013). 
A study conducted in coal mining areas versus non-mining areas in the UK found that the 
prevalence of mental health problems was not significantly different between the type of communities, 
but the prevalence of mental health problems varied between coal mining areas (Riva, Terashima, Curtis, 
Shucksmith, & Carlebach, 2011). Hendryx and Innes-Wimsatt (2013) conducted a study across four 
Appalachian states using a validated instrument (Personal Health Questionnaire Depression Scale (PHQ-
8)) to measure depression severity and found that depression risk for those living in MTM areas was 
significantly higher compared to residents in non-mining areas (OR: 1.40; 95% CI: 1.15-1.71). 
Additionally, it was reported that mental health issues, such as depression and anxiety, increased during 
‘bust’ conditions in a Canadian coal mining community (Shandro, Veiga, Shoveller, Scoble, & Koehoorn, 
2011). However, Cordial (2012) noted the paucity of research on the mental health effects of mining, 
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specifically in relation to MTM, suggesting that mental health effects are likely to be present in such 
communities, including solastalgia, stress, post-traumatic stress disorder (PTSD), and eco-anxiety. 
2.2.4.2 Risk perception 
As with the UNGD literature, risk perception, as well as environmental justice and disproportionate 
exposure of pollutants to certain populations, has been addressed in the coal mining research related to 
health. Research from the Shanxi province in China indicated that age, as well as length of residence, 
positively influences perceptions of pollution and that residents believe pollution is mainly due to coal 
processing (as opposed to the mining part of the operation) (Shi & He, 2012). Moffatt and Pless-Mulloli 
(2003) found that initial fears expressed by UK residents near open-cut mining were not realised; 
therefore, residents could re-evaluate impacts with a more positive perspective over time. 
Amongst residents of rural towns and mining-centred towns in Queensland, Australia, it was found 
that there were differences in perception of environmental and health impacts (Petkova et al., 2009). In 
the rural towns, either no participants, or very few participants, noted concerns about noise and dust, 
while participants from the mining towns noted concerns about noise, dust, and water-related issues, 
amongst others (Petkova et al., 2009).  
2.2.4.3 Environmental justice 
Environmental justice is defined as the “fair treatment and meaningful involvement of all people 
regardless of race, colour, national origin, or income with respect to the development, implementation, 
and enforcement of environmental laws, regulations, and policies” (United States Environmental 
Protection Agency, 2013). While this concept has influenced policy in the United States over a number of 
decades (Krpan, 2011), with an Executive Order requiring projects to examine if there are 
disproportionately high and adverse impacts on minority and/or low-income communities (Bureau of 
Land Management, 2006; New York State Department of Environmental Conservation, 2011), there is 
limited application of this concept elsewhere (Environment Defenders Office, 2012). 
The topic of environmental justice has been raised as a key issue around MTM in the Central 
Appalachian region of the USA (Cordial et al., 2012). Zullig and Hendryx (2010) examined health-related 
quality of life in mining and non-mining areas. While the authors did not specifically discuss their results 
in terms of environmental justice issues, it was concluded that disparities were greatest for those residing 
in areas with coal mining (Zullig & Hendryx, 2010). These areas are characterised by a number of factors, 
including environmental degradation, poverty, and a lack of other economic opportunities, so the demand 
for coal continues the cycle of health disparities in these coal mining regions (Ahern & Hendryx, 2008). 
Subsequent to these studies, Hendryx (2011) examined mortality rates in Appalachia whilst controlling 
for effects of poverty and found that MTM areas had significantly higher mortality rates compared to a 
non-mining referent (p < 0.0001) in unadjusted models, and this significant association, while attenuated, 
remained after adjustment for poverty (p < 0.022), as well as poverty and other covariates (p < 0.002). 
The study concluded that disparities are centred on MTM areas in Appalachia, noting that there is 
variability in a given area with respect to health disparities (Hendryx, 2011). 
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Morrice and Colagiuri (2013) noted a variety of examples of injustices associated with coal mining 
globally and concluded that the lack of prospective studies with the purpose of quantifying health impacts 
of coal mining on community residents can be seen as a health injustice. The authors stated that there is 
little doubt with respect to environmental and social injustice associated with coal mining and its negative 
health impacts (Morrice & Colagiuri, 2013). Specific to Australia, Higginbotham et al. (2010) argue that 
environmental injustice is present in the Upper Hunter, where residents experience a disproportionate 
exposure to air pollution. While this was echoed elsewhere, with respect to this topic, there are few 
studies focused specifically on environmental justice and mining (Colagiuri et al., 2012). It is recognised 
that these issues need to be considered from multiple perspectives, including procedural, geographic, and 
social inequities, as well as intergenerational inequities (Higginbotham et al., 2010), and that evidence is 
needed from well-designed quantitative studies designed to assess these impacts (Colagiuri & Morrice, 
2015). In a more general discussion, it was recently stated that a limited amount of environmental justice 
research has been conducted in Australia (Dobbie & Green, 2015) and the issue has not yet gained 
traction in the country (de Oliveira Finger & Bortoncello Zorzi, 2013). However, this lack of research 
does not mean that environmental justice issues are not present (Dobbie & Green, 2015). 
2.2.5 Coal mining setting conclusion 
The coal mining-related literature presented more ‘highly relevant’ studies than the UNGD-related 
literature, and a number of these studies utilised stronger epidemiological study designs compared to the 
UNGD-related literature. This is primarily due to the use of numerous epidemiological studies using some 
form of environmental exposure proxy such as the use of coal mining areas versus non-coal mining areas 
or the levels of coal production within a given coal mining area. Many of the studies were retrospective 
ecological analyses or cross-sectional analyses; however, a small number of studies used a case-control 
design, which presents a more robust epidemiological study design (though still with inherent 
limitations).  
While some of the coal mining-related studies are contradictory or do not show conclusive 
evidence of ERHIs associated with coal mining, there are numerous studies that provide evidence of 
increased morbidity and mortality, amongst other health outcomes. Most of the studies did not use a 
direct measure of occupational exposure, which should be included in future research in this field to 
assess the extent to which occupational exposures drive the observed health effects; however, certain 
studies analysed data for gender-specific differences or excluded hospital admission codes specific to 
occupational hazards. Overall, the coal mining evidence base indicates that coal mining presents 
sufficient environmentally-related health impact potential that could affect human health and, considering 
this, coal mining presents a suitable alternative environmental setting. 
2.3 Alternative environmental setting: ERHIs related to the rural/agricultural 
setting 
The targeted search strategy described above returned a diverse range of studies - many of which 
were not relevant in this context. Hence, it was not possible to use the same approach as described for 
Part A: Conceptualising  Chapter 2: A review of the environmentally-related health impacts of coal seam gas 
44 
Sections 2.1 and 2.2 above. The majority of the literature did not specifically address ERHIs associated 
with living in rural/agricultural areas; rather, specific issues were illuminated (e.g., pesticide exposure, 
mental health). Therefore, the studies best suited to providing context for the rural/agricultural setting in 
Queensland will be discussed. 
Queensland has a long history of agriculture being a predominant part of the economy and has the 
largest area of agricultural land of any Australian state (Queensland Government, 2013g). Within the 
agricultural industry, grazing has been one of the major domains (Queensland Government, 2013h). The 
rural/agricultural setting centres around the South-West region of Queensland, where cattle and sheep 
grazing dominate the agricultural industry (Queensland Government, 2013h).  
The South-West region of Queensland relies on a number of commodities, with cattle being the 
most significant industry, followed by wool and sheep (Queensland Government, 2013h). The primary 
land use in this region is grazing, with 96.3% of the land used for this purpose. Intensive livestock 
operations, which are often discussed in the context of concentrated animal feeding operations, are not 
typically found in the area due to land condition, water access, distances, and costs.  
A number of other commodities are suited for the region, the growing of which can depend on the 
current market for them; these include cotton, grapes, hay, and wheat; however, the total land use for 
these purposes is insignificant (Queensland Government, 2013h). For these reasons, the focus of this 
section will be on animal husbandry and livestock production, as well as on ‘rurality’. Although all three 
environments present a rural setting, the rural/agricultural setting is classified as ‘very remote Australia’, 
while the CSG and coal mining settings are classified as ‘remote Australia’, ‘outer regional Australia’, or 
a mix thereof (Australian Institute of Health and Welfare, 2004b). 
2.3.1 Livestock production and potential ERHIs 
Due to the climate in South-West Queensland, there are relatively few pests; therefore, there is 
typically low chemical usage in the cattle and sheep industries (Queensland Government, 2013h). In 
terms of antibiotic use in food-producing animals, Australia has generally taken a conservative approach 
(Barton, Pratt, & Hart, 2003). Intensive livestock operations account for most antibiotic use (Barton et al., 
2003) and, as previously mentioned, these operations are not widespread in the selected setting.  
In general, a number of health hazards and impacts can be associated with livestock production. 
These include zoonotic diseases and antibiotic resistance (Bonfoh et al., 2010), as well as risks from 
human pathogens such as Escherichia coli O157 (Thorn et al., 2011). Livestock production can be 
associated with human health hazards related to air quality, as well as with the pathogen load in the 
environment; however, this is often as production intensifies (Bonfoh et al., 2010).  
Zoonotic diseases can be found in extensive agricultural systems, and brucellosis and anthrax are 
two of the more serious zoonotic diseases (Bonfoh et al., 2010). The brucellosis bacteria, Brucella, is no 
longer found in cattle in Australia and has never been found in sheep; however, feral pigs can be a source 
of infection, as can consumption of dairy products from infected animals (Queensland Health, 2010). 
Anthrax is very rare in Australia (Queensland Government, 2015a). 
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As available land diminishes, there is a growing interaction between wildlife, livestock, and 
humans, which can present opportunities for disease transmission (e.g., Nipah, Hendra, SARS, Ebola) 
(Bonfoh et al., 2010). A study that examined pathogens in freshwater found that the greatest risk for 
pathogens entering freshwater is likely to be associated with intensive livestock areas; however, their 
survival is typically greatest in waters in low intensity (extensive) livestock areas (Thorn et al., 2011). 
As previously mentioned, the rural/agricultural environmental setting is classified as ‘very remote 
Australia’. In areas such as this, and where extensive production systems are predominant, support 
services (e.g., feed supply, water sources, waste management) are often lacking due to the poor 
infrastructure and long distances required for travel (Bonfoh et al., 2010).  
2.3.2 The rural setting 
The rural setting often refers to a certain environment and social setting, along with a strong 
agricultural presence (Rickards, 2011). In general, residents of the region need to travel long distances for 
essential services, have limited access to markets and transport networks, and must deal with the 
remoteness of the region in which they live (Queensland Government, 2013h). This is typical of many 
rural and remote regions.  
A report discussing determinants of health in rural, regional, and remote areas of Australia noted 
that residents in regional and remote areas were more likely than residents in urban areas to: report acute 
or chronic injuries, drink more alcohol, be overweight or obese, and report poorer health status 
(Australian Institute of Health and Welfare, 2008a). Conversely, the rates of self-reported diabetes, 
coronary heart disease, depression, and anxiety were similar for residents in rural and remote areas and 
residents in urban areas (Australian Institute of Health and Welfare, 2008a). Generally, rurality is not the 
cause of the rural-urban health differential that has been identified; rather, rural populations have a 
number of negative determinants of health such as lower income, lower health literacy, higher rates of 
smoking and alcohol consumption, and an increasing average age (Rickards, 2011).  
Some of the areas of concern for rural and remote areas are higher mortality rates, chronic diseases 
(e.g., coronary heart disease, chronic obstructive pulmonary disease), cancer, injury, mental health, dental 
health, and infectious diseases (Phillips, 2009). Residents in rural areas have been found to have different 
attitudes to health and illness, as well as different health-seeking behaviours, compared to residents in 
urban areas (Elliot-Schmidt & Strong, 1997; Rickards, 2011). For example, rural residents often respond 
to illness in terms of its effect on productivity, while urban residents respond to illness in terms of 
discomfort caused by pain. Specific to Australia, it was noted that health outcomes do tend to be poorer 
outside of major metropolitan areas, with coronary heart disease, circulatory diseases, motor vehicle 
accidents, and chronic obstructive pulmonary disease acting as the main contributors to higher death rates 
(Australian Institute of Health and Welfare, 2015). Higher rates may be reflective of other differences, 
such as access to services and the remote environment (Australian Institute of Health and Welfare, 2015), 
as well as greater risk factors (Australian Institute of Health and Welfare, 2015; National Rural Health 
Alliance Inc, 2011). 
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A number of factors affect a person’s health status, including access to health services. Issues in 
rural areas include uneven distribution of resources (Allan, 2010), difficulties in recruiting medical 
professionals, retaining these professionals, and attracting government funding for healthcare delivery 
(Gregory, Armstrong, & Van Der Weyden, 2006). Potentially higher rates of hospitalisation can be 
reflective of a lack of access to primary care, in particular, of access to general practitioners in rural areas 
(New South Wales Health, 2010).  
As noted in other sections, mental health is an important issue for community residents and, in rural 
areas, there are certain factors that influence a person’s response to mental health issues. It was found that 
residents in rural areas are often reluctant to acknowledge mental health issues; that there is a stigma 
around mental health problems; and rural conditions, such as economic and social circumstances and a 
culture of self-reliance, affect help-seeking behaviours (Fuller, Edwards, Procter, & Moss, 2000). In 
addition, it has been recognised that one of the problems in rural areas in relation to mental health care is 
providing quality, well-coordinated mental health services to this under-serviced group (Townsend, 
Pirkis, Pham, Harris, & Whiteford, 2006). There are also certain exposures that can contribute to higher 
rates of depression and other mental health-related outcomes, including exposure to certain types of 
pesticides and living on a farm (Beard et al., 2013; Carruth & Logan, 2002; Mackenzie Ross et al., 2010).  
While this section has highlighted some issues associated with rurality, these issues may be 
common across all three of the environmental settings due to their geographic location. As previously 
noted, Australians who live in areas classified as regional or remote have poorer health than those living 
in major cities (Australian Institute of Health and Welfare, 2008b; National Rural Health Alliance Inc, 
2011). On the other hand, the rural/agricultural setting does not generally have intensive livestock 
operations, which would present more ERHIs compared to the extensive livestock grazing systems that 
are in place in the given setting. 
2.3.3 Rural/agricultural setting conclusion 
The literature reviewed in Section 2.3 above showed that there is likely to be less environmentally-
related health impact potential in the rural/agricultural setting compared to the primary environmental 
setting of CSG or the alternative setting of coal mining. The rural/agricultural setting of interest does not 
contain intensive livestock farming; rather, it is dominated by cattle and sheep grazing. Pesticide and 
antibiotic use is low and, while there are various health outcomes associated with living in rural areas, this 
could be applicable to the other two settings. Therefore, the rural/agricultural setting was selected as a 
suitable alternative environmental setting for this assessment. 
3 Final conclusion of the review 
The review presented here served to examine the strength of evidence of ERHIs of CSG 
development, specifically through examining the UNGD body of literature. The review also served to 
justify the selection of the alternative coal mining and rural/agricultural settings. Examination of the 
UNGD-related literature revealed potential ERHIs, but much of the literature in this area is speculative in 
nature and requires studies with stronger epidemiological study designs, such as those presented for the 
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coal mining setting, to build a stronger base of evidence. In contrast, the available literature on the health 
impacts of coal mining suggests that there is sufficient evidence of increased morbidity or mortality in 
coal mining areas, as seen in the various estimates provided, providing sufficient context for coal as an 
alternative environmental setting. Studies regarding rural/agricultural areas show that the given industries 
of cattle and sheep grazing likely present fewer potential ERHIs compared to the UNGD and coal mining 
settings. The rural setting can present several challenges, including mental health issues and access to 
healthcare, but this would most likely be experienced across the three areas due to their given 
environments.  
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Part B:    
 
Design 
 
In the current part, ‘Design’ (shown in Figure 3.1), the design of the settings is presented, including 
the mapping of these settings to demarcated geographic areas and their respective populations 
(Chapter 3), as well as the design of the assessment and selection of the associated outcome measures and 
indicators (Chapter 4). A discussion at the end of Chapter 4 covers how data were obtained, as well as 
ethics approval. 
2 
Figure 3.1. The four parts of the environmentally-related health impact (ERHI) assessment, focusing on the 
components within the ‘Design’ part of the assessment. 
 
                                                     
2 Note: CSG = coal seam gas. 
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Chapter 3:    
Final settings and their matched populations 
This chapter presents more detail on the three settings for the environmentally-related health 
impact (ERHI) assessment and aligns the settings to their specific geographic areas in Queensland. This is 
followed by matching the corresponding populations to each setting.  
 
The development of the three environmental settings was guided by the review, as discussed in 
Chapter 2. Several criteria were used to select the primary environmental setting of coal seam gas (CSG) 
and its corresponding geographic area, as well as the comparative settings and their corresponding areas, 
which are discussed below. 
1 The environmental settings 
All three environmental settings were initially devoid of any form of energy resource development 
activity, with agriculture being the primary land use activity. All of the geographic areas, regardless of the 
establishment of resource extraction activities in some areas, have maintained their strong links to the 
traditional agricultural foundation which remains integral to the local economy (Queensland Government, 
2009, 2011b, 2012, 2013b, 2013f). While an alternate urban environmental setting could have been 
included, this was not done for this thesis. Consideration of this setting is important and can provide 
insights into rural and urban differences in health; however, the focus for this thesis was to select areas 
that were similar to one another, have agriculture as the primary land use activity, and then developed 
over time as a result of resource development. 
Resource development and extraction activities evolved over time in both the CSG and coal mining 
settings, with a strong resources industry significantly contributing to the economy in both areas 
(Queensland Government, 2013b, 2013f). This environmental change provided two alternative 
environmental settings (compared to the environmental setting where resource development activity did 
not occur), so these settings could be compared to each other. Therefore, the health impacts in the CSG 
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area were explored and compared to the other two areas as these are understood to have different levels 
and types of environmental impact. For instance, coal mining has a larger environmental footprint and 
varying exposures due to the nature of operations (see Chapter 2). 
In light of the historical primary land use activity of agriculture and other forms of current resource 
development (i.e., CSG development and coal mining), as well as the findings of the review, the settings 
ultimately developed for this project were: the primary environmental setting of CSG development 
activities; a coal mining (CM) setting, which was developed around coal mining operations, including 
development and production; and a rural/agricultural (RA) setting, which was developed around a rural, 
mainly agricultural, environmental setting not impacted by resource development.  
Each environmental setting presents a time period of development, with the assumption that any 
ERHIs in the RA setting would be present to a lesser degree over time because the RA area remained free 
of any energy-related resource development. While the assumption was that ERHIs would be present to a 
lesser extent over time in the RA area, this is in the context of the change happening in the CSG and CM 
areas where more rapid and expansive resource development is occurring. This does not necessarily imply 
that there are zero changes in the RA area, but that these changes are likely to a lesser degree.  
Figure 3.2 depicts the steady rise in coal production and the rapid rise in CSG development in 
Queensland. It also shows the steady increase in total livestock, total crops, and total agricultural 
production in Queensland over the corresponding period. While increasing trends in agricultural 
production in the RA setting would indicate potential increases in the use of pesticides or antibiotics due 
to more production, the use of pesticides and antibiotics is limited due to the type of agriculture in the 
chosen area (discussed in Chapter 2). 
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Figure 3.2. The three selected settings showing the increase in production over time between 1995-2011 for 
the coal seam gas (CSG), coal mining, and rural environmental settings. 
During the process of selecting coal mining as the CM environmental setting, other energy resource 
activities were considered. Queensland has petroleum (oil and gas) reserves and, while CSG has been 
expanding, conventional gas production has been declining due to declining reserves (Queensland 
Government, 2011a). Figure 3.3 shows the annual number of wells drilled (petroleum wells and CSG 
wells), with the number of petroleum wells remaining steady and the number of CSG wells increasing 
rapidly. While Queensland also has tight gas and basin-centred gas resources, exploration for such 
resources has only recently begun and exploration for shale gas and shale oil is in the very early stages 
(Department of Natural Resources and Mines, 2015a). 
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Figure 3.3. The annual numbers of petroleum wells and coal seam gas (CSG) wells drilled over time, showing 
the rapid increase in the number of CSG wells drilled (Department of Natural Resources and 
Mines, 2015b, p. 3). 
Coal mining was chosen as an alternative environmental setting against which to compare the CSG 
setting. This was due to several factors discussed in Chapter 2, e.g., the age and nature of the coal mining 
industry, increasing production over time, the environmentally-related health hazard impact potential, and 
the coal mining industry’s ongoing activities in Queensland.  
Also, as guided by the review, the lack of any form of resource development (i.e., coal mining and 
CSG development) and the lack of broader risk factors related to energy resource development made the 
rural/agricultural area well suited for the second comparative environmental setting. 
2 The environmental settings and their respective geographic areas 
After establishing the three settings, the next step was to align geographic areas with the settings. 
The delineation of geographic areas for each setting and the matching of the corresponding populations 
are discussed in this section and in Section 3. 
The three geographic areas in Queensland, as mapped in 2011, are shown in Figure 3.4.  
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Figure 3.4. Three geographical study areas of the three settings used in this study shown on a map of 
Queensland, Australia, with Statistical Local Areas and main towns within or in immediate 
proximity to each study area. Note: CSG = coal seam gas; CM = coal mining; and RA = 
rural/agricultural. 
Each geographic area represents a corresponding environmental setting. The selection of the 
settings, based on a number of criteria, are described below. 
2.1.1 Coal seam gas setting  
The following criteria were used to select the CSG area: 
 traditional primary land use activity of agriculture; 
 a strong CSG industry presence; and 
 the area was relatively devoid of other energy resource development activity (e.g., coal mining). 
The CSG area was identified using the Queensland interactive resources tenure map (now 
‘MinesOnlineMaps’) (Queensland Government, 2015b) to examine the locations of CSG wells over the 
time period covered in this thesis (1995-2011) in an area that was relatively devoid of other resource 
development.  
Figure 3.5 shows the location of CSG wells at the time the CSG environmental setting was 
finalised.  
Part B: Design  Chapter 3: Final settings and their matched populations 
54 
 
Figure 3.5. The location of CSG wells at time of final setting selection and matching of geographic areas 
(2011). Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
In addition to using the interactive resources tenure map, the locations of Queensland hospital and 
health service centres were examined (Queensland Health, 2014) to determine which facilities were in 
each area and what services were offered at those facilities. The CSG area is located within the Darling 
Downs Hospital and Health service area of Queensland Health, with the westernmost part of the CSG 
area located in the South West Hospital and Health service area. Hospital and Health service areas were 
used to determine the health services offered in each area and a map of all service areas can be found in 
Appendix B. 
2.1.2 Coal mining setting 
The following criteria were used to select the CM area: 
 traditional primary land use activity of agriculture; 
 a strong coal mining industry presence; and 
 the area contained a higher density of coal mines relative to what would be found in the other 
environmental settings, with minimal CSG activity within the area.  
While it was the intent to select an area that was exclusively coal mining, it was hardly possible for 
such an area to be completely void of CSG activity nor was it possible to be in isolation from the CSG 
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area. CSG is found at the ‘seams’ of all coal deposits, which means coal mines must drain CSG from 
mines for safety reasons. Therefore, the CM area will invariably reflect a cumulative impact of coal 
mining and CSG if there were any impacts. Figure 3.6 shows coal mine locations at the time of final 
environmental setting selection.  
 
Figure 3.6. The location of coal mines at the time of final setting selection and matching of geographic areas 
(2011). Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural.  
The CM area is located within the Central Queensland Hospital and Health service area, with the 
northernmost part of the CM area in the Mackay Hospital and Health service area. 
2.1.3 Rural/agricultural setting 
The following criteria were used to select the RA area: 
 traditional primary land use activity of agriculture, as for the CSG and CM areas and 
 the area was devoid of energy resource development activity (e.g., CSG, coal mining). 
The RA geographic area, highlighted in Figures 3.4-3.6, had similar rural characteristics to the 
other two environmental settings prior to the increase of energy resource development. It was, at the time 
of final selection (2011), still devoid of resource development. While this area did not necessarily 
represent a zero pollution setting, the setting was assumed to have had none of the risk factors related to 
energy resource development, as previously discussed. 
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The RA area is located within the South West Hospital and Health service area of Queensland 
Health. 
3 Matching populations to the environmental settings  
Following the mapping of environmental settings to their respective geographic areas, the next step 
was to match the corresponding populations to the settings and the selected geographic areas. This was 
done according to groups of Statistical Local Areas (SLAs) within each setting. The overall method of 
this complex matching process is described below, with chapter-specific methods described in the 
corresponding chapters later. 
The SLAs were matched so that appropriate data (i.e., population data, residential addresses, and 
hospital admissions data) could be sourced for, and aligned with, the specified geographic areas for each 
of the three environmental settings. Each setting comprised a number of SLAs (see Table 3.1). The 
complexity previously mentioned was mainly due to some SLA changes over the study period, some of 
which were renamed over time or had boundaries that changed, as well as the availability of data (i.e., 
confidential health data).  
Table 3.1. The three environmental settings and the corresponding Statistical Local Areas (SLAs) (from 
Figures 3.4-3.6), as well as the Australian Standard Geographical Classification (ASGC) 
Remoteness classifications.a 
Study 
area 
Associated SLAs 
ASGC Remoteness 
classificationb 
CSG 
Bungil (also called Roma – Bungil, later renamed Maranoa – Bungil) R 
Chinchilla (later renamed Western Downs – Chinchilla) OR 
Dalby (later renamed Western Downs – Dalby) IR 
Murilla (later renamed Western Downs – Murilla – Wandoan) OR 
Roma – Bendemere (later renamed Maranoa – Bendemere) R 
Roma (later renamed Maranoa – Roma) OR 
Tara (later renamed Western Downs – Tara) OR 
Taroomc R 
Wambo (later renamed Western Downs – Wambo) OR 
 Broadsound (later renamed Isaac – Broadsound) R 
 Duaringa (later renamed Central Highlands – Duaringa) OR 
CM Emerald (later renamed Central Highlands – Emerald) OR 
 Peak Downs (later renamed Central Highlands – Peak Downs) R 
 Woorabinda R 
RA 
Murweh R 
Paroo VR 
Quilpie VR 
a Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
b Note: The ASGC Remoteness classifications are: IR = inner regional; OR = outer regional; R = remote; and VR = very remote. 
c Taroom SLA was intact until 2007. The ASGC changed in 2008, dissolving Taroom SLA into Banana SLA. Until 2007, Taroom SLA was 
included in the data and post-2007, Banana SLA was included in the data with removal of postcodes not in the area previously classified as 
Taroom SLA. 
Australian Standard Geographical Classification (ASGC) Remoteness classifications have also 
been included in Table 3.1, which shows the type of region where the majority of the population lives 
within each SLA. ASGC Remoteness classifications include ‘major cities’, ‘inner regional’, ‘outer 
regional’, ‘remote’, and ‘very remote’ (Australian Institute of Health and Welfare, 2004b). These 
classifications were created as consideration for differences between those living in major cities versus 
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those living outside of major cities; for instance, disparities in health outcomes were noted as a particular 
concern (Australian Institute of Health and Welfare, 2004b). 
Different versions of the ASGC had to be used in this study so that population data could be 
matched as accurately as possible to the study areas outlined above (Table 3.2). This ensured that the 
geographical boundaries of each setting matched the corresponding population data and that these 
boundaries were consistent over time. 
Table 3.2. Calendar year, study area population totals, and corresponding Australian Standard Geographical 
Classificiation (ASGC) version used to match population data. 
 Population  
Year CSG CM RA ASGC version 
1995 40,100 32,508 8,804 1996 
1996 39,860 32,475 8,626 1996 
1997 39,545 32,522 8,462 1998 
1998 39,216 32,379 8,345 1998 
1999 39,012 32,151 8,249 1999 
2000 38,652 31,817 8,221 2000 
2001 40,313 30,325 8,353 2001 
2002 40,448 30,585 8,320 2002 
2003 40,529 30,644 8,306 2003 
2004 40,626 30,915 8,275 2004 
2005 40,998 31,616 8,286 2005 
2006 41,684 34,140 7,975 2006 
2007 41,943 34,248 7,837 2006 
2008 42,436 34,511 7,766 2006 
2009 42,931 34,884 7,751 2006 (Taroom and Murilla), 2011 for remaining SLAs 
2010 43,437 35,012 7,757 2006 (Taroom and Murilla), 2011 for remaining SLAs 
2011 44,217 35,142 7,747 2006 (Taroom and Murilla), 2011 for remaining SLAs 
 
The Australian Bureau of Statistics (ABS) provided yearly estimated resident population (ERP) 
data for the specific SLAs in each study area for the period 1995-2011. Data were provided for total 
population, as well as for population by age (0-4 years, 5-9 years, 10-14 years, 15-19 years, 20-24 years, 
25-34 years, 35-44 years, 45-54 years, 55-64 years, 65-74 years, 75-84 years, and 85+ years) and by 
gender. Where monthly analyses were conducted, the yearly ERP was divided by 12 to obtain monthly 
ERP values. 
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Chapter 4:    
The assessment methods 
This chapter presents the final component of Part B, ‘Design’, specifically the assessment 
methodology used in this thesis. The work involved constructing a suite of assessment tools and outcome 
measures to allow for informing the study indicators. Development of the assessment-specific 
components used for Chapters 5, 6, and 7, such as the study design, tools and outcome measures, and data 
sourcing, are discussed here.  
3 
1 Study design 
The review presented in Chapter 2 served to guide the development of the environmental settings, 
which were discussed in the previous chapter. Through conducting the review, it was noted that a number 
of symptoms have been reported in relation to unconventional natural gas development (UNGD); 
however, few objective measures of health have been analysed in this context. Therefore, it was decided 
that the assessment part of this work would contain three separate components to assess subjective and 
objective health outcomes at present, as well as over time, using epidemiological methods.  
First, current and recent subjective health experiences and perceptions of residents in the three 
study areas, as well as their experiences and perceptions of environmental change, were assessed through 
a cross-sectional study. This allowed for comparison across the study areas and to the symptoms reported 
in the literature. This component contained self-reported (subjective) measures of health and was used to 
examine present (as at 2013-2014) health status in the three study areas. The subjective health outcomes 
component allowed for the assessment of symptoms that are likely to be less severe for which residents 
                                                     
3 Note: SF-36 = Short-Form-36; DASS-21 = Depression Anxiety Stress Scale-21; and EDS = Environmental 
Distress Scale. 
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would not be expected to present to hospital. This component utilises subjective data collected 
specifically for this study through surveys. 
Secondly, hospitalisation rates (i.e., using hospital admissions data) were used to objectively 
measure health outcomes via trends over time in the three study areas. While there are relatively few 
studies that have used this type of data to study health outcomes associated with UNGD, this component 
allowed for a comparison of the findings across the three study areas and suggestion of areas for further 
research. Whereas the subjective health outcomes component contained data on self-reported health, this 
component contained data on objective health outcomes where the most severe cases (i.e., the highest 
level of morbidity) would be found.  
The third component built on the second component and focused solely on the coal seam gas 
(CSG) study area. This component introduces the environmental proxy (i.e., gas well numbers) for CSG 
well development activity. These data are used in conjunction with hospital admissions data to objectively 
measure health outcomes via trends over time with increasing CSG development activity. Again, there are 
relatively few studies that have used hospital admissions data alongside well development data, so this 
allowed for assessment over time and suggestions of areas for further research. The second and third 
components utilise objective data that were routinely collected as part of standard hospital care.  
Together, the three components allowed for examining a range of health outcomes (i.e., subjective 
versus objective, less severe versus the highest level of morbidity) at present and over a period of time in 
the three study areas, as well as over time in the CSG area using an environmental proxy. 
2 Tools and outcome measures 
A number of tools and outcome measures were used in Part C (‘Assessment’). These tools and 
outcome measures are different for the subjective and objective health outcome components and are 
linked to the various health indicators, which allow for the measurement of such outcomes. 
2.1 The ‘Subjective Health Outcomes’ component 
This component used a self-report survey to measure subjective health outcomes, or health status 
and symptoms, as reported by the participants themselves. The questionnaire comprised several 
instruments and outcome measures, as described in Section 2.1.2. Self-report surveys are valuable 
because they allow for the collection of data on exposures and symptoms for a variety of settings. Results 
from these surveys generate new knowledge which closes existing knowledge gaps and spurs additional 
research (Steinzor et al., 2013) – both of which can be useful for residents living in UNGD areas. Surveys 
typically allow for standardised data collection through the use of a questionnaire and often use cross-
sectional methods to provide data from a certain point in time (Kelley, Clark, Brown, & Sitzia, 2003).  
2.1.1 Postal surveys 
There are several methods that can be used to collect self-report data (e.g., post, online, telephone). 
These methods were considered and, ultimately, the questionnaire was distributed via post for this thesis. 
Postal surveys provide a cost-effective method of collecting health-related data via questionnaires. They 
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allow for larger sample sizes from geographically dispersed populations. However, they do not allow for 
asking respondents additional questions or for clarifying responses (Walonick, 2010), and surveys 
conducted in this way can be subject to response bias (Edwards et al., 2002). Postal surveys generally 
have low response rates, the latter varying in accordance with the length of the questionnaire, as well as 
with the content (Kelley et al., 2003).  
2.1.2 The questionnaire 
For this thesis, a number of instruments were included in a questionnaire used to measure residents’ 
experiences and perceptions of health and environmental change. Pre-existing tools allow for the use of 
validated, reliable instruments that often have normative data available as a baseline (Mathers, Fox, & 
Hunn, 2007). Normative data allow for comparing the results of a study to those of a given population to 
determine if the sample fares better or worse compared to the general population (Gandek, 2002).  
The literature review (Chapter 2) showed that the majority of UNGD studies that used surveys did 
not use any type of standardised instruments to measure health in a given population. A number of 
standardised instruments were used in the present study to provide a higher resolution of data, to reduce 
recall bias (see below), and to provide a structure on which future studies can be based so that results 
from different studies can be compared to one another. The instruments used in Chapter 5 are introduced 
and briefly discussed in this section to provide the background information for each instrument.  
The questionnaire developed for this thesis contained a number of questions to measure various 
indicators (e.g., demographic, socioeconomic, sense of place). Additionally, several instruments were 
included, some of which were previously validated. The instruments were as follows: 
 the Short-Form-36 (SF-36) (validated); 
 a symptoms inventory containing health outcomes such as asthma, diarrhoea, eye irritation, 
headaches (not validated); 
 the Depression Anxiety Stress Scale-21 (DASS-21) (validated); and 
 the Environmental Distress Scale (EDS) (validated). 
Each of these instruments has a specific recall period, which is the period of time in which 
respondents are required to remember a past event (Fadnes, Taube, & Tylleskär, 2008). In contrast to 
using data that capture objective event reporting, the accuracy of a respondent’s report of personal 
experiences is not very clear (Stull, Kline Leidy, Parasuraman, & Chassany, 2009). Different outcomes of 
interest often require different recall periods because a standard recall period is not suitable for measuring 
all outcomes (Stull et al., 2009). While recall error typically increases with the length of the recall period 
and can result in under- or over-reporting, no recall period is short enough to eliminate all recall bias 
(Kjellsson, Clarke, & Gerdtham, 2014).  
The temporality associated with each instrument will be discussed in its respective section below. 
Analyses specific to these sections will be discussed in further detail in Chapter 5, Section 2.4.  
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2.1.2.1 Short Form-36 (SF-36) (validated) 
The SF-36 is a generic measure of health that can be used for self-reporting general health. The SF-
36 was originally developed as a practical set of measures to use across diverse populations for 
comparative purposes (Ware & Gandek, 1998). An abbreviated version (the SF-12) is also available for 
use. The SF-36 is a multi-purpose health survey that consists of 36 questions, scoring across eight 
domains of physical and mental health measures (Ware, Snow, Kosinski, & Gandek, 1993). The subscales 
of these domains are: ‘bodily pain’, ‘general health’, ‘physical function’, ‘role–physical’, ‘mental health’, 
‘role–emotional’, ‘social function’, and ‘vitality’. Scores range from 0 to 100, with lower SF-36 scores 
indicating poorer health status (Ware & Gandek, 1998). The survey also contains a question asking 
participants to rate their health at the present time compared to their health one year earlier, which 
constitutes a measure of health transition (Russell, Ball, & Spallek, 2009).  
The SF-36 normative data are based on scores for the general population in the United States; 
however, normative data are available for the Australian general population (Australian Bureau of 
Statistics, 1997). Such data, when available, allow for scores to be interpreted in relation to the general 
population, highlighting whether observed scores are typical of what might be expected (Gandek, 2002). 
While these are the accepted Australian norms, the data are from the 1995 National Health Survey. The 
SF-36 version 2 (used in this study) was introduced in 1996 (Noonan & Chan, 2013). Additionally, the 
sample used to obtain the Australian SF-36 normative data was drawn from urban and rural areas in all 
States and Territories; however, sparsely settled (i.e., very remote) areas were excluded due to the 
sampling frame (Australian Institute of Health and Welfare, 2008a). There is the possibility that sampling 
in regional areas is biased towards those living in larger town centres (Australian Institute of Health and 
Welfare, 2008a). While similar sampling limitations exist, a more recent study used the SF-36 version 2 
to generate Australian normed T-scores (Hawthorne, Osborne, Taylor, & Sansoni, 2007). These norms are 
used for comparative purposes due to the use of more recent data, as well as use of the same version of 
the SF-36. However, health transition had to be compared to the 1995 normative data. 
2.1.2.2 Symptoms inventory (SI-65) (not validated) 
The health symptom inventory (SI-65) developed for this thesis contains a list of 65 symptoms. It 
was created for this survey so that respondents could report symptoms that they experienced over given 
time frames. The SI-65 is shown in Section B of the full survey shown in Appendix C. 
The general basis for the SI-65 was derived from Question 10 of the Multi-Dimensional Health 
Assessment Questionnaire (Pincus, Yazici, & Bergman, 2005). A number of symptoms listed in Question 
10 were removed (e.g., smoking cigarettes, use of drugs not sold in stores) and a number of symptoms 
from several studies (as described in Chapter 2) were added to the SI-65. 
Symptoms explored through the SI-65 were grouped into categories based on previous literature 
(Coons & Walker, 2008; Steinzor et al., 2012) to ensure sufficient numbers for analyses and were then 
confirmed by a medical expert reference group. The groupings included: ‘behavioural’, ‘circulatory’, 
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‘digestive’, ‘ear, nose, mouth’, ‘immunological’, ‘muscles/joints’, ‘neurological’, ‘reproductive’, 
‘sinus/respiratory’, ‘skin’, ‘urinary’, ‘vision/eyes’, and ‘other/general’. 
Recall periods of health symptoms over ‘past month’, ‘past week’, and ‘sometimes’ were used for 
the SI-65.  
2.1.2.3 Depression Anxiety Stress Scale-21 (DASS-21) (validated) 
The DASS-21 is a widely used self-report instrument for measuring negative emotional states of 
depression, anxiety, and stress (Lovibond & Lovibond, 1995). 
Each of the three scales within the DASS-21 contains seven items where respondents answer using 
a 4-point scale (0 = ‘Did not apply to me at all – NEVER’; 1 = ‘Applied to me to some degree, or some of 
the time – SOMETIMES; 2 = ‘Applied to me to a considerable degree, or a good part of the time – 
OFTEN’; 4 = ‘Applied to me very much, or most of the time – ALMOST ALWAYS’) to rate the 
frequency of the items over the past week. Three axes are measured in the DASS-21 (University of New 
South Wales, n.d.): 
 The ‘depression’ scale measures anhedonia, dysphoria, devaluation of life, hopelessness, inertia, 
lack of interest/involvement, and self-deprecation. 
 The ‘anxiety’ scale evaluates autonomic arousal, situational anxiety, skeletal muscle effects, and 
subjective experience of anxiety. 
 The ‘stress’ scale measures being easily agitated/upset, difficulty relaxing, impatient, 
irritable/over reactive, and nervous arousal. 
Mean scores are calculated and the scores are then interpreted in terms of severity ratings, with 
‘normal’, ‘mild’, ‘moderate’, ‘severe’, and ‘extremely severe’ ratings based on the final subscale scores. 
In light of very limited normative data for many of the self-report mood scales (e.g., the DASS-21), 
Crawford et al. (2011) generated normative data for the Australian general population. The normative 
samples were intended to be broadly representative of the Australian general population and, while the 
majority of participants were from metropolitan areas, rural and semirural residents were represented in 
the sample (Crawford et al., 2011). However, it is likely that there are similar limitations as with the SF-
36 normative data (i.e., residents of very remote areas were excluded from the sampling frame and rural 
sampling may be biased towards residents living in larger town centres). 
2.1.2.4 Environmental Distress Scale (EDS) (validated) 
As mentioned in Chapter 2, researchers have identified that an individual’s sense of wellbeing, 
including physical and mental health, is tied to ecosystems and environments; therefore, a person can 
become distressed and diseased when they perceive their environment as threatened (Albrecht, 2005; 
Albrecht et al., 2007). The EDS is a measure of the bio-psycho-social impacts of ecosystem disturbance 
aimed at assessing this potential change in wellbeing. The EDS was created for use in communities with 
mining industries and power stations, but is an adaptable tool (Higginbotham et al., 2006).  
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The scale comprises six dimensions, including ‘frequency of hazard events’, ‘observation of 
hazards’, ‘threat to self/family’, ‘felt impact of environmental change’, ‘solastalgia’, and ‘environmental 
action’ (Higginbotham et al., 2006). Lower scores indicate a lower level of environmental distress. One 
component of the EDS, ‘solastalgia’, is identified as a psychoterratic illness, or earth-related mental 
illness, and is related to distress experienced by a person when they negatively perceive changes to their 
home environment (Albrecht, 2011).  
2.2 The ‘Objective Health Outcomes’ and ‘Evidence of CSG Impact’ components 
A number of data sources were used in the component of objectively measured health impacts 
within the three selected study areas, as well as evidence of CSG health impact. These data sources were 
the resource development data, population data, and hospital admissions data. The basis for matching 
Statistical Local Areas (SLAs) and the given populations within the environmental settings has been 
described in Chapter 3. Further details and analyses specific to this section will be presented in Chapters 6 
and 7. 
2.2.1 Resource development data 
CSG well data, including the corresponding number of wells per SLA within the CSG area, were 
obtained from the Queensland Government (Queensland Government, 2014b) to calculate the numbers of 
wells as they accumulated for each month of development over the study period. The number of wells in 
each SLA of the CSG study area was combined to obtain the increasing monthly numbers for the whole 
of the CSG area. This was done to align the CSG well data with the hospital admissions data. Figure 4.1 
shows the cumulative numbers of wells over the study period.  
 
Figure 4.1. Cumulative coal seam gas (CSG) well counts by month and year for the study time period, 1995-
2011. 
The production values (discussed in Chapter 3) can serve as environmental proxies, indicating the 
potential environmental change for each setting over time. While the production values for the coal 
mining (CM) and rural/agricultural (RA) areas could serve as environmental proxies for the alternative 
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settings, CSG well numbers were of primary interest for this study and were considered to be the 
environmental proxy for the CSG area. Well development and production are the two main stages of 
UNGD. The well development stage includes road construction, pad preparation, well drilling, hydraulic 
fracturing, and well completion; and the production stage includes gas collection, processing, and 
distribution (McKenzie et al., 2012; Moore, Zielinska, & Jackson, 2013). The well development stage 
would provide the greatest indication of environmental change in an UNGD area due to these activities. 
For this thesis, well counts were considered an indicator for CSG development activity; therefore, 
this count served as a proxy for the development activities (e.g., well pad preparation, well drilling, well 
completion, and related construction activities).  
While the focus of this work was on CSG impact, saleable coal production figures were obtained 
from several Queensland Government departments to understand coal production trends over the study 
period and confirm this setting (Department of Employment Economic Development and Innovation, 
2010; Department of Mines and Energy, 2007; Queensland Government, 2013c). Figure 4.2 shows the 
coal production values for Queensland to provide context for this alternative environmental setting. 
 
Figure 4.2. Queensland saleable coal production, 1996-2013. 
The Queensland saleable coal production values show a linear increase in saleable coal production 
since 1996; however, the Queensland coal industry in the Bowen Basin has grown steadily since the early 
1980s (Rolfe, Miles, Lockie, & Ivanova, 2007). Production figures for the CM area were considered to be 
a proxy for coal mining activity in the CM area, providing an indication of the continuing environmental 
impact in one of the selected alternative settings.  
In terms of mines that previously operated or are currently operating in the CM area, the 
Blackwater open-cut mine was the first to start operating in 1967, with a number of mines (e.g., Curragh 
(1983), Jellinbah (1989), Kestrel (1992), Yarrabee (1994)) following thereafter (Blackwater International 
Coal Centre, n.d.; Rio Tinto, n.d.; Yancoal Australia, 2014). The industry has had a steady increase in 
exporting coal since 1997 (Department of Natural Resources and Mines, 2014b). Additional mines have 
also begun operations in more recent years, with the Lake Lindsay operation starting coal processing in 
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2008 and the Kestrel Mine Extension opening in 2013 (AngloAmerican, 2013; Rio Tinto, n.d.). For the 
year 2012-13, a total of 43 open-cut mines and 13 underground mines contributed to Queensland coal 
production (Department of Natural Resources and Mines, 2014b). The CM study area has 22 coal mines 
within or along the border of the delineated geographic area. However, CM-related environmental proxy 
data were not examined alongside hospital admissions data as with the CSG environmental proxy because 
this programme of work focused on CSG. 
2.2.2 Hospital admissions data 
Routinely collected data, such as data from hospital databases, are useful for a variety of 
applications, including injury surveillance, public health planning, health policy applications, resource 
distribution, informing legislation, clinical research, and monitoring the effects of environmental 
conditions on human health (Burns et al., 2012; Schoenman, Sutton, Kintala, Love, & Maw, 2005). While 
hospital data can be used for several purposes, there are strengths and weaknesses associated with using 
these data as a source of information. 
Databases offer a cost-effective and time saving approach to data collection and may be more 
accurate and reliable than other data sources, such as surveys, where recall bias is a limitation 
(Schoenman et al., 2005). Schoenman et al. (2005) noted that routinely collected hospital admissions data 
may be more reliable than passive physician reporting for certain conditions or diseases, which can result 
in underreporting. In addition, while survey sampling needs representativeness of the population, 
hospitalisation databases are typically for the entire population of an area, making it representative of the 
population (Schoenman et al., 2005). 
Hospital databases also have weaknesses. These include data quality problems (inaccuracies in 
diagnosis and procedure codes and hospital-specific errors), excluded populations (those who have 
outpatient procedures and patients admitted outside of their state), and missing data (race and ethnicity, 
which makes it difficult to adequately examine disparities) (Schoenman et al., 2005). Due to 
misclassification of diseases in diagnosis coding, there is also the potential for disease rates to be over- or 
underestimated (Farzandipour, Sheikhtaheri, & Sadoughi, 2010). Also, as noted in Chapter 2, variation in 
hospitalisation rates in certain areas can be reflective of lack of access to primary care as opposed to 
being solely reflective of morbidity in the population (New South Wales Health, 2010). 
For this thesis, admitted patient data (defined as admission to hospital for a period of 24 hours or 
longer) were obtained from the Queensland Hospital Admitted Patient Data Collection (QHAPDC). 
QHAPDC data are from public and private hospitals (defined as declared public hospitals and licensed 
private hospitals), as well as day surgery units (Queensland Health, 2015). Data were obtained for each 
calendar year, from 1 January 1995 through to 31 December 2011, for admission to any hospital in 
Queensland for any resident of one of the study areas described in Chapter 3. Thus, data were obtained 
only for residents of the study areas and were not obtained for people who were hospitalised in one of the 
study areas, but who were not residents in one of those areas (e.g., fly-in, fly-out workers, tourists, etc.). 
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This was to ensure accurate calculation of hospitalisation rates for residents of the area, using the 
population data described in Chapter 3.  
The lowest level of data that could be requested was at the grouped SLA level, so data were 
categorised according to the groups of SLAs outlined in the previous chapter (Table 3.1). Hence, data 
were grouped by Queensland Health into the CSG, CM, or RA study areas as these were the smallest 
aggregations of geographic areas allowed by Queensland Health. Data were not identifiable by SLA, only 
by the three study areas. The variables requested from the QHAPDC are shown in Appendix D. 
Hospitalisation data are episode-based, not person-based; therefore, each hospitalisation episode may not 
represent unique individuals.  
The main variable of interest was the primary diagnosis code for each admission, provided in the 
form of an International Classification of Diseases (ICD) code. Two versions of ICD coding were used 
for primary diagnosis codes during the study period: ICD-9-Australian Modification (ICD-9-AM), which 
was used for cases from 1995 to July 1999, and ICD-10-Australian Modification (ICD-10-AM), which 
was used from July 1999 through the remainder of the study period (Roberts, Innes, & Walker, 1998).  
There are 22 main ICD chapter headings (discussed in Chapter 6). Each main ICD chapter has a 
number of sub-chapters and codes that fall below the main chapter heading. Each record was classified 
according to the main ICD chapter heading, followed by the highest level sub-chapter within that (e.g., 
‘Chapter 10’ - ‘Diseases of the respiratory system’, followed by ‘J00-J06’ - ‘Acute upper respiratory 
infections’). 
3 Indicators 
As discussed in Chapter 1, a suite of indicators was selected for use in this study. While it would 
have been preferable to develop a comprehensive set of environmental health indicators, the suite of 
indicators for this study was limited by the available data. Therefore, demographic indicators were used to 
assess the make-up of the population and socioeconomic indicators were used to act as a proxy to 
consider various social determinants of health. An indicator to measure sense of place was also included. 
Health indicators were included, along with a limited number of environmental indicators. The broad 
indicator categories and corresponding indicators are shown in Table 4.1.  
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Table 4.1. Indicator categories and the corresponding indicators used in this study. 
Broad indicator category Specific indicator 
Demographic   Age 
  Gender  
  Relationship status 
  Employment status 
  Number of people in household 
Socioeconomic   Education  
  Housing status 
  Personal income 
  Household income 
  Employed by coal seam gas (CSG) company 
  Employed by coal mining company 
Sense of place  Length of time in community 
Environmental  Number of CSG wells in the CSG setting over time 
  CSG production (Queensland) over time 
  Number of coal mines in the coal mining setting 
  Coal production (Queensland) over time 
  Gross value agricultural production (crops, livestock, 
total) (Queensland) over time 
Health  
‘Subjective Health Outcomes’  
  Mean scores of general health within each study area and 
compared to the Australian general population  
 Prevalence of numerous symptoms groupings (e.g., 
digestive, skin) 
 Proportion of population in the ‘above normal’ range for 
levels of depression, anxiety, and stress 
  Mean scores for a measure of depression, anxiety, and 
stress within each study area and compared to the 
Australian general population 
  Mean scores of environmental distress within each study 
area 
‘Objective Health Outcomes’  
  Crude all-cause hospitalisation rates 
  Crude cause-specific hospitalisation rates for each 
International Classification of Diseases (ICD) chapter 
  Age-standardised, all-cause hospitalisation rates 
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  Age-standardised, cause-specific rates for each ICD 
chapter 
  Age-specific, all-cause hospitalisation rates 
 Age-specific, cause-specific rates for each ICD chapter 
 
4 Data sourcing 
The data used in this assessment were obtained from a number of sources, namely: 
 CSG well locations: ‘MinesOnlineMaps’ through the Queensland Government (obtained late 
2011 to delineate the primary environmental setting of CSG); 
 Coal mine sites: ‘MinesOnlineMaps’ through the Queensland Government (obtained late 2011 to 
delineate the CM setting); 
 Health and hospital service locations: Queensland Health (obtained late 2011, at the time of 
identifying the environmental settings); 
 Residential mailing addresses: The Prospect Shop (first dataset obtained November 2012, second 
dataset obtained July 2013); 
 Estimated resident populations: Australian Bureau of Statistics (first dataset obtained February 
2013, second dataset obtained October 2013); 
 Australian Standard Geographical Classification boundaries: Australian Bureau of Statistics 
(obtained October 2013); 
 Hospital admissions data: Queensland Hospital Admitted Patient Data Collection (obtained 
October 2012); 
 Most recent CSG well numbers and production data: Queensland Government (obtained October 
2014); and 
 Most recent coal mine production data: Department of Employment, Economic Development and 
Innovation, Department of Mines and Energy, and the Queensland Government (obtained 
October 2014). 
5 Ethics 
Ethics approval for the ‘Subjective Health Outcomes’ component was obtained from the University 
of Queensland Behavioural & Social Sciences Ethical Review Committee (approval number 2012000582, 
as shown in Appendix E). 
Ethics approval for the components that used hospital admissions data was obtained from the 
University of Queensland Behavioural & Social Sciences Ethical Review Committee (approval number 
2012000582). In addition to the ethics approval from the University of Queensland, approval was 
obtained from the Director General through the data custodian (Queensland Health) via the Public Health 
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Act (PHA), which allowed for access to confidential information (approval number RD004515, as shown 
in Appendix F). 
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Part C:    
 
Assessment 
 
The ‘Assessment’ part of the ERHI assessment framework is where the three settings (as applied to 
the selected study areas) are compared through employing the previously described methods. One of the 
existing gaps of knowledge previously identified is a lack of comparative research, and this assessment 
explores data in this way to add to the evidence base.  
Chapters 5, 6, and 7 present the ‘Assessment’ part of the ERHI assessment, measuring perceived 
health outcomes (including mental health and environmental distress) through surveys of local residents 
(‘Subjective Health Outcomes’), as well as objectively measuring health outcomes between the three 
study areas using hospital admissions data (‘Objective Health Outcomes’). Objective health data were 
also measured in conjunction with CSG well development activity (‘Evidence of CSG Health Impact’). 
Figure 5.1 shows the overview of the ERHI assessment and the current focus. 
4 
Figure 5.1. The four parts of the environmentally-related health impact (ERHI) assessment, focusing on the 
third part of the framework (‘Assessment’). 
 
                                                     
4 Note: CSG = coal seam gas. 
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Chapter 5:    
Subjective health outcomes 
This chapter forms the basis of a journal article that was recently submitted to the International 
Journal of Environmental Research and Public Health and is currently under review. The manuscript (as 
submitted) is located in Appendix G. 
Comparative research on unconventional natural gas development (UNGD)-related health 
outcomes and social change between localities and regions and between impacted and non-impacted areas 
is lacking (S. Perry, 2012; Saberi, 2013; Steinzor et al., 2013). One of the areas where research is lacking 
is for studies assessing self-reported health impacts in UNGD areas, especially in the Australian CSG 
context. In this chapter, residents’ perceived health outcomes were explored, using randomised samples 
of households in the three study areas. 
5 
1 Introduction 
Worldwide, communities have raised concerns about potential ERHIs of UNGD. As discussed in 
previous chapters, there are differences in the various types of gas and associated operations that make up 
UNGD. These differences are defined by the geological formations, as well as development and 
extraction processes, for the different types of unconventional gas (e.g., CSG versus shale gas). 
Nevertheless, the underlying community concerns appear to be similar. There are a limited number of 
                                                     
5 Note: CSG = coal seam gas; DASS-21 = Depression Anxiety Stress Scales-21; EDS = Environmental Distress 
Scale; SF-36 = Short-Form-36; SI-65 = Symptoms inventory-65; and UNGD = unconventional natural gas 
development.  
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methodologically rigorous studies of ERHIs associated with UNGD (as noted in Chapter 2). The apparent 
lack of clear knowledge can contribute to increased community uncertainty about actual versus perceived 
ERHIs of UNGD. 
Concerns about CSG development in Queensland, Australia are no different from concerns 
expressed about UNGD elsewhere. While there are anecdotal reports of health impacts on residents of 
CSG areas in Queensland and New South Wales (McCarron & King, 2014), to date, there are no records 
of rigorous scientific studies about detrimental or beneficial ERHIs on residents of CSG areas in 
Queensland (or more broadly, Australia). 
Two non-peer reviewed health-related reports on CSG activities in Tara, Queensland are available 
in the public domain. One of these reports described symptoms such as headaches, itchy eyes, nausea and 
vomiting, nosebleeds, and rashes among people living in this region but concluded that there was no clear 
association between environmental emissions monitoring data and these reported health symptoms 
(Queensland Government, 2013d). The other was a retrospective survey of health complaints experienced 
by people in the same region over the previous two years (McCarron, 2013). Self-reported symptoms 
included depression and anxiety, headaches, nosebleeds, severe fatigue, and weakness. While these 
reports are specific to CSG development in Queensland, there were methodological limitations. The 
studies did not use randomised samples or objective data and required long recall periods, all of which 
result in measurement or selection bias. Likewise, limitations were noted with respect to parts of the 
environmental monitoring data such as the sampling time period, lack of identification of short-term 
peaks, and detection limits exceeding reference criteria (Queensland Government, 2013d). These 
limitations prevent any definitive conclusions about the potential health impacts of resource development 
activity, particularly with respect to CSG. 
This subjective health outcomes component of the ERHI assessment was a necessary element of 
this research to understand whether or not people in these three study areas experienced health and 
psychosocial impacts of environmental change differently and also whether or not health status differed 
amongst respondents from the three study areas. Specifically, the aim of this component was to assess 
person-level self-reported health data from three designated study areas (CSG, coal mining (CM), and 
rural/agricultural (RA)) to determine the potential health and psychosocial impacts of environmental 
change. 
2 Methods 
2.1 The study areas  
The environmental settings and the corresponding geographic areas (i.e., the study areas) are 
presented and discussed in Chapter 1, Section 3 and Chapter 3, Sections 1 and 2.  
In the first component of this ERHI ‘Assessment’ (Part C), person-level self-reported health data 
(cross-sectional) were collected from residents in these three settings using postal surveys. Health and 
psychosocial outcomes of environmental change (CSG development) in residents in the CSG setting were 
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measured in this way. The ERHIs were then assessed by comparing these subjective health outcomes to 
those of residents in the two areas alternative environmental settings. 
2.2 Participants 
Ethics approval for this part of the assessment was discussed in Chapter 4, Section 5. 
Stratified random sampling was used in this study. Figure 5.2 shows the population for each town 
in the CSG, CM, and RA study areas. Sample size calculations for each of the three study areas were 
completed based on the estimated resident population (ERP) to determine the required number of 
participants to obtain samples that were representative of each study area, with 95% CI and 5% precision 
(CSG: n=379, CM: n=378, and RA: n=362) (National Statistical Service, n.d.).  
 
Figure 5.2. Populations for each of the three study areas. Note: CSG = coal seam gas; CM = coal mining; and 
RA = rural/agricultural.6 
Low response rates were anticipated. This was based on a review of average response rates for 
studies pertaining to resource development-related surveys (international and Australia-based) and 
Australia-based postal surveys related to other topics. For surveys conducted in Queensland and 
Australian rural and remote communities, a typical response rate ranged from 24%-36% (Bartlett, 
                                                     
6 The populations shown are for the main towns within, or in immediate proximity to, each study area. The 
populations shown for each study area are the populations from which sample size calculations were derived. 
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Travers, Cartwright, & Smith, 2006; Dean & Stain, 2010; Kelly et al., 2010; Stain et al., 2011; Stain et 
al., 2008), while the typical response rate for the resource development related-surveys (predominantly in 
the USA) ranged from 1.25%-58% (Alter et al., 2010; Coons & Walker, 2008; Hendryx & Ahern, 2008; 
Hendryx, Wolfe, Luo, & Webb, 2011; Higginbotham et al., 2006; Malloy, 2010). Based on these reported 
response rates, an average response rate of 30% of the initial sample size was assumed for each of the 
three study areas. 
Participants in the adult survey included anyone in the household over 16 years of age. Adults in 
the household were requested to fill out the survey on behalf of their children (younger than 16 years of 
age) or to supervise their children as they completed the survey. An invitation was also included in the 
participant information package for participants to contribute to face-to-face interviews. This was part of 
a wider programme of research and has not yet been conducted due to resource constraints. Therefore, 
this was beyond the scope of this thesis. 
Additionally, 2011 Census data were obtained from the Australian Bureau of Statistics to 
understand how the respondents from the three study areas compared to the general population. Available 
data that were comparable to the indicators used here were collected for each Statistical Local Area 
(SLA) within each environmental setting, which were then aggregated to the three broad study area 
groupings used for this work. A number of indicators did not have comparable data (e.g., the sense of 
place indicator). 
The data presented here were not geocoded and linked to respondents’ residential addresses. While 
a geocode could serve as a proxy for exposure through determining distance from a respondent’s home to 
resource development, this was not within the scope of this thesis due to an already large undertaking. 
These analyses would also be better suited to a survey within one specific area, so this would be 
considered a next step for additional work. 
2.3 The survey 
A number of steps were taken in the process of designing and mailing the survey. These steps 
included designing the survey with a number of validated survey instruments, piloting the finalised 
survey to ensure clarity and understanding, calculating representative sample sizes for each study area, 
and taking action to try to maximise the response rate. All of these points will be discussed in the 
following sections (with the exception of sample size calculation, which was discussed above). 
2.3.1 Components of the survey 
The survey consisted of 28 pages (see Appendix C) and took approximately 40 minutes to 
complete. It consisted of demographic and socioeconomic questions (e.g., income), the 65-health 
symptom inventory (referred to as the SI-65), and the suite of additional validated survey instruments (as 
discussed in Chapter 4), which were the Short Form-36 (SF-36), the Depression Anxiety Stress Scale-21 
(DASS-21), and the Environmental Distress Scale (EDS). These instruments, along with the time periods 
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associated with each instrument, were discussed in Chapter 4, Section 2.1. The analyses specific to each 
instrument are discussed in Section 2.4 below. 
A number of additional variables were included in the survey; however, due to time constraints, as 
well as limitations associated with the survey sample sizes, these variables have been scoped out and were 
not analysed for this thesis. These variables included: occupation; when earlier generations first moved to 
the community; aspects of community change; ranking of symptoms causing the most concern and 
frequency of these symptoms; visits to doctor, pharmacist, hospital, and Emergency Department for said 
symptoms; diagnosis; source of drinking water; type of water used in household; pollution of drinking 
water; water quality testing; source of dust/visual air pollution; number of odour events and type of 
odours; air quality testing; agricultural productivity over time; proximity of CSG developments; 
knowledge of the natural gas industry; sources of information related to the natural gas industry; 
interactions with CSG companies; handling of pesticides/chemicals; general feelings about CSG 
development, coal mining, and agricultural development; alcohol consumption; smoking status; number 
of cigarettes/cigars/pipes smoked daily or grams of smokeless tobacco used daily; drug use; diet and 
exercise; and additional comments. 
2.3.2 Piloting the survey 
The survey was piloted after design and prior to mailing. Surveys were first piloted with a group of 
eight people from various backgrounds outside of academia (differing in education levels, ages, gender, 
location) to make sure the wording and contents were clear, as well as to determine the time it took to fill 
out (for informing targeted participants). Additionally, the survey was reviewed by colleagues within 
Queensland Health, the Commonwealth Scientific and Industrial Research Organisation (CSIRO), and the 
Centre for Coal Seam Gas (CCSG) at the University of Queensland.  
A number of colleagues were contacted in order to conduct more specific pilot testing within the 
study areas. The contacts were sent the survey via email, and it was completed by hand. The aim was to 
obtain 2-3 respondents per area, but this number was not attained for each study area (CSG: n=1, CM: 
n=1, and RA: n=2). Overall, the feedback was that the survey was clear with a few minor points to be 
addressed to improve clarity of the questions; for example, response options of the personal/household 
income questions were extended to better represent a farmer’s income.  
2.3.3 Mailing the surveys 
Residential addresses for the residents in the three study areas were obtained from a third-party 
company (The Prospect Shop, 2013), who sourced the addresses from The Australian Master File 
database. This database includes government-supplied and public domain data. Because of the 30% 
response assumption, the third-party company was requested to initially oversample, using a 20 km radius 
for the previously described towns (Figure 5.2). Based on the previously described sample size 
calculations for the given populations (CSG: n=22,245, CM: n=22,544, and RA: n=6,127), this resulted in 
3,732 randomly selected addresses (CSG: n=1,264, CM: n=1,260, and RA: n=1,208). 
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A substantial percentage of mailed survey documents were returned to sender as a result of issues 
with the address database (to be discussed in Section 4). To maintain the probability of a 30% response 
rate, an additional 1,110 addresses were randomly selected from the remaining addresses (CSG: n=540, 
CM: n=500, and RA: n=70), giving a total of 4,842 addresses that were finally included in the samples 
(CSG: n=1,804, CM: n=1,760, and RA: 1,278).  
Each selected address was sent the survey package, which included participant information sheets, 
consent forms, two surveys aimed at adults, and two surveys pertaining to children, as well as reply-paid 
envelopes (separate envelopes were provided for consent forms and surveys). Information was also 
included about who to contact in case of health concerns, such as Lifeline and Beyondblue, which are 
counselling support services providing 24-hour phone and online support. Copies of these documents can 
be found in Appendix C. A unique identifier was pre-printed on each survey to ensure that individual 
responses from participants would remain confidential and not linked to their name and address. 
Participants were requested to fill out the survey as soon as possible and were advised that they could 
request additional surveys if required.  
2.3.4 Efforts to maximise response rates 
Follow-up postcards were mailed to remind non-respondents to complete and return the survey 4-6 
weeks after the initial mail-out to increase the response rate. A number of additional actions were taken to 
improve the response rate, including distribution of printed flyers in high thoroughfare areas (e.g., 
chemists), press releases within the local community, and the contacting of local councils to encourage 
local awareness.  
2.4 Analysis 
The data were analysed using SPSS version 22.0. The SF-36 responses were scored using the 
QualityMetric Health Outcomes™ Scoring Software (QualityMetric, 2011) and the SAS-specific methods 
described by Russell et al. (2009). Australian normative data (Hawthorne et al., 2007) were used in the 
scoring for this study. Mean scores for each subscale were calculated for each of the three study areas. 
For the SI-65, prevalence of symptoms experienced weekly, monthly, and sometimes was 
calculated separately for the three study areas. Total number of symptoms in each of the three recall 
periods for each study area was also calculated. 
For the DASS-21, mean scores were calculated for each of the subscales across each of the three 
study areas. The severity rating scores (as discussed in Chapter 4, Section 2.1.2) were categorised into 
‘normal’ (‘normal’ severity rating) and ‘above normal’ (‘mild’, ‘moderate’, ‘severe’, and ‘extremely 
severe’ severity ratings combined) categories for the analyses.  
For the EDS, mean scores were calculated within each study area for the six subscales 
(Higginbotham et al., 2006). The EDS has not been used extensively; therefore, internal reliability 
analyses were performed on each of the six subscales.  
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Descriptive analyses were completed to determine whether there were any statistically significant 
differences in demographic variables, as well as in the primary measures of interest, such as the DASS-21 
and EDS scores, between the three study areas. Alpha was set a-priori at 0.05. For categorical variables, 
chi-square tests of independence were used to determine if the distribution of said variables differed 
between the three areas. Standardised residuals were examined for significant chi-square tests to 
determine where significant differences were found. For numerical variables, one-way ANOVA was used 
to determine if the group means were significantly different from one another. Where the results of the 
one-way ANOVA were significant, indicating differences between group means, Bonferroni post-hoc 
tests were conducted to determine the groups that were different (e.g., between CSG and CM or between 
CM and RA). Where the assumption of homogeneity of variance was not met, the Welch F-ratio was used 
with the Games-Howell post-hoc test instead of the one-way ANOVA and the Bonferroni post-hoc test. 
3 Results and discussion 
This section reports the response rates from each of the study areas, as well as the subjective data 
on residents’ general health, symptomatology, levels of depression, anxiety, and stress, and levels of 
environmental distress. 
3.1 Overview of responses from the three study areas  
Of the 3,732 packages initially posted, 21.4% were returned to sender as a result of issues with the 
address database. A total of 4,842 survey packages were ultimately posted, and a total of 1,037 were 
returned unopened (reasons included: insufficient addressing, unclaimed, or the selected participant was 
no longer at the address, unknown). 
Of the remaining 3,805 addresses, a total of 410 ‘adult’ surveys (10.8% overall participant 
response rate) were returned from a total of 340 households (8.9% overall household response rate). For 
these households, the CSG area had a total of 167 participants from 142 households, resulting in a 10.3% 
household response rate within the CSG area (shown in Table 5.1). The CM area had a total of 126 
participants from 101 households (8.3% household response rate), while the RA area had a total of 117 
participants from 97 households, resulting in an 11.2% household response rate.  
Table 5.1. The three study areas broken down by number of households and non-responses for valid addresses 
(N=3,805).a 
 CSG 
n (%) 
CM 
n (%) 
RA 
n (%) 
Total number of households that participated in survey 142 (10.3) 101 (8.3) 97 (11.2) 
Total number of non-responses for valid addresses 1380 1219 866 
a Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
The response rate for the children’s survey was exceptionally low (1.92%) and, therefore, did not 
warrant further analyses in this study. Only results from the individual adult respondent data are presented 
hereafter. 
Within the CSG, CM, and RA study areas, overall participant response rates from the total sample 
of valid addresses within each area were 12.1% (n = 167), 10.3% (n = 126), and 13.5% (n = 117), 
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respectively. Table 5.2 shows the number of participants in each study area, as well as the number of 
households that had two participants (no households had more than two adult participants). The number 
of households with two respondents was less than 20% of each area’s total sample. While power 
estimates were calculated for each area, the actual sample sizes were lower than the targets, precluding 
additional analyses that were planned for larger sample sizes. 
Table 5.2. The three study areas broken down by total number of participants, as well as the number of 
households with two respondents (N=410).a 
 CSG 
n (%) 
CM 
n (%) 
RA 
n (%) 
Total number of participants 167 (12.1) 126 (10.3) 117 (13.5) 
Number of households with two respondents 25 25 20 
a Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
3.1.1 Discussion of response rates 
While a number of strategies were employed to increase response rates, the response rate was still 
relatively low, which is a likely source of bias in this study. Therefore, it is possible that the sample is not 
truly representative of each of the study areas. The extent of the potential selection bias cannot be 
ascertained because the characteristics of those who chose not to participate are unknown. The response 
rate was similar across the three study areas, which could suggest that strong opinions in favour of or 
against CSG, or resource development more broadly, were not a motivation for participation. 
While the target of the study was individual participants, the number of households with more than 
one participant was analysed to determine differences in numbers of responding households with multiple 
participants in the three study areas. The number of households with two respondents was similar across 
the three study areas, suggesting there were not disproportionate numbers of households in one area 
where participants wanted to voice their opinions.  
3.2 Indicators within each study area 
The suite of demographic and socioeconomic indicators assessed in this study was described in 
Chapter 4, Section 3. All of these indicators are considered determinants of health and can influence a 
person’s health status, hence, their inclusion in this study.  
3.2.1 Demographic indicators 
The demographic indicators that were used for this assessment are shown in Table 5.3, by each 
study area.  
The three study areas differed significantly in terms of the age of respondents [F (2, 258.64) = 7.38, 
p = 0.001]. Respondents from the CM area were significantly younger than those from the RA area 
(Games-Howell: p < 0.001; 95% CI: -10.8 to -2.6), whereas mean age was more similar in participants 
from the CSG and CM areas (CSG: X̅ = 55.8, SD = 15.6; CM: X ̅= 52.6, SD = 13.3; RA: X ̅= 59.3, SD = 
13.6). There were no statistically significant differences between the three study areas for other 
characteristics such as gender, employment status, and relationship status, suggesting that the respondents 
from the three study areas were similar in these respects. 
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Table 5.3. Respondent sample characteristics (demographic indicators) across the three study areas.ab 
 
N 
CSG 
(%) 
CM 
(%) 
RA 
(%) 
Gender 409    
Female  62.0 57.1 59.0 
Male  38.0 42.9 41.0 
Relationship status 407    
Never married  9.7 8.8 14.5 
Divorced/separated  6.7 7.2 8.5 
Married/living with a partner  73.3 80.0 65.8 
Widowed  10.3 4.0 11.1 
Employment status 401    
Employed full-time  36.6 41.6 33.0 
Employed part-time/casual  10.6 17.6 9.6 
Self-employed  14.9 12.0 13.9 
Retired  28.0 16.0 29.6 
Unemployed  9.9 12.8 13.9 
 
N 
CSG 
Mean (sd) 
CM 
Mean (sd) 
RA 
Mean (sd) 
Age of respondents 403 55.8 (15.6) 52.6 (13.3) 59.3 (13.6) 
a Note: There were missing data for some variables in each of the study areas. CSG = coal seam gas; CM = coal mining; and 
RA = rural/agricultural.  
b Variables for which there was a statistically significant difference between study areas (p < 0.05) are bolded. 
Age is considered an unalterable determinant of health and ageing is associated with greater risk 
for numerous diseases (Australian Institute of Health and Welfare, 2004a). Physical health also declines 
with age (Chappell & Cooke, 2010); however, while older populations may be less healthy and less 
productive, some studies have found that older people may have higher levels of self-reported well-being 
(Blanchflower & Oswald, 2008; Steptoe, Deaton, & Stone, 2015). It is unsurprising that the RA area has a 
significantly older population, as rural/remote areas tend to have older populations (National Rural Health 
Alliance Inc., 2013; National Rural Health Alliance Inc. & Aged & Community Services Australia, 
2005). 
3.2.2 Socioeconomic indicators 
A number of socioeconomic indicators were assessed to understand the distribution of certain 
social determinants of health across the three study areas. Social determinants of health are used to 
consider the ‘causes of the causes’ (e.g., one looks to socioeconomic status to then understand social 
determinants of smoking, which is an important cause of premature disease) (Marmot, 2005a).  
Socioeconomic indicators can include income, class, housing status, and education and, whether 
health is measured through morbidity, mortality, or self-reporting, these indicators show that people who 
have low socioeconomic status have poorer health outcomes (Marmot, 2005b). The socioeconomic 
indicators used for this study are shown in Table 5.4. 
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Table 5.4. Respondent sample characteristics (socioeconomic indicators) across the three study areas.ab 
 
N 
CSG 
(%) 
CM 
(%) 
RA 
(%) 
Education 406    
No school/primary school  14.0 8.0 22.2 
Junior certificate/currently in high school  27.4 28.8 31.6 
TAFE/apprenticeship  27.4 28.0 15.4 
Completed high school, current apprenticeship 
/TAFE/tertiary, or tertiary education 
 31.1 35.2 30.8 
Personal income 366    
$0 - $25,999  33.6 36.3 40.2 
$26,000 - $51,999  24.0 12.4 22.4 
$52,000 - $77,999  11.6 13.3 15.0 
$78,000 and above  21.2 30.1 10.3 
Do not wish to answer/don’t know/ 
categories do not accurately reflect income 
 9.6 8.0 12.1 
Household income 325    
$0 - $25,999  9.6 12.1 17.6 
$26,000 - $51,999  25.9 11.1 17.6 
$52,000 - $77,999  9.6 5.1 19.8 
$78,000 and above  43.0 63.6 31.9 
Do not wish to answer/don’t know/ 
categories do not accurately reflect income 
 11.9 8.1 13.2 
Housing status 398    
Owned with mortgage/loan  34.4 26.8 34.8 
Owned without mortgage/loan  44.8 33.3 46.4 
Rented  16.0 29.3 12.5 
Occupied without payment of rent  4.9 10.6 6.3 
Employed by CSG company 394    
Yes  10.4 4.2 0 
No  89.6 95.8 100 
Employed by coal mining company 394    
Yes  5.5 27.3 0 
No  94.5 72.7 100 
 
N 
CSG 
Mean (sd) 
CM 
Mean (sd) 
RA 
Mean (sd) 
Number of people in household 387 2.5 (1.2) 2.9 (1.3) 2.1 (1.1) 
a Note: There were missing data for some variables in each of the study areas. CSG = coal seam gas; CM = coal mining; and 
RA = rural/agricultural. 
b Variables for which there was a statistically significant difference between study areas (p < 0.05) are bolded. 
The three study areas differed significantly on all socioeconomic indicators. While both personal 
income and household income were significantly different between the three study areas (χ2(8) = 17.422, 
p = 0.026 and χ2(8) = 31.315, p < 0.001, respectively), the differences were mainly between the CM and 
RA areas, with the RA area having the highest proportion of respondents in the lowest income bracket. 
This suggests lower socioeconomic status for respondents living in the RA area compared to that of 
respondents in the CM area, where there may be greater economic opportunity; however, income is only 
one element of overall socioeconomic status. Rural and remote areas generally have residents who have 
lower average incomes than normal, which can be associated with worse health outcomes (National Rural 
Health Alliance Inc., 2013). Conversely, there are other components that contribute to socioeconomic 
status, so it cannot be assumed that RA area respondents have lower overall socioeconomic status solely 
due to significantly lower income as other indicators, like housing status, may imply otherwise.  
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Education of respondents was significantly different between the three study areas (χ2(6)=14.587, 
p=0.024). A higher proportion of respondents in the RA area reported ‘no schooling/primary school’ 
compared to those in the CM area. Low levels of educational attainment are associated with compromised 
health over a person’s lifespan (Low & Low, 2006). On average, rural and remote areas tend to have 
residents with lower levels of education (National Rural Health Alliance Inc., 2013). 
Likewise, housing status was significantly different across the three study areas (χ2(6) = 18.006, p = 
0.006), which differed mainly between the CM or RA areas. In considering the housing status indicator, it 
could be expected that residents in the CM area might have poorer health status, with 29.3% of 
respondents renting their accommodation. Housing is a key social determinant of health, with housing 
quality and housing affordability considered to impact upon an individual’s health in direct and indirect 
ways (Shaw, 2004). Housing status has been found to be associated with health status, where renters were 
noted as having poorer health than homeowners (Macintyre, Hiscock, Kearns, & Ellaway, 2001).  
Overcrowding is also a component of unsuitable housing, with those who have lower levels of 
education and who are unemployed more likely to live in overcrowded dwellings (Mallett et al., 2011). 
These residents also typically have the worst health in terms of physical and mental health (Mallett et al., 
2011). The number of people in each household differed significantly between the three study areas 
[F (2, 243.18) = 11.37, p = < 0.001], but specific indicators to measure overcrowding were not 
included in this study. 
The three study areas differed in relation to employment by a CSG company or employment by a 
coal mining company. No respondents from the RA area reported employment by a CSG or coal mining 
company. Some respondents in the CSG area were employed by a coal mining company (5.5%) and some 
respondents in the CM area were employed by a CSG company (4.2%). This is unsurprising, and is likely 
due to the fact that the areas are not in complete isolation, or some of the respondents could be fly-in, fly-
out workers.  
3.2.3 Sense of place indicator 
Another important indicator that may help explain the self-reported health-related outcomes of 
residents in an area is ‘sense of place’. Sense of place is increasingly being recognised as a factor that 
contributes to an individual’s well-being (DeMiglio & Williams, 2008). Sense of place is also linked to 
the concept of solastalgia (introduced in Chapters 2 and 4), where large-scale environmental changes can 
affect a person’s sense of place and their general well-being (Albrecht et al., 2007). 
Respondents were asked to report on the length of time they had spent residing in their community 
(shown in Table 5.5). The available responses for this indicator ranged from less than two years through 
to a person’s entire lifetime. 
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Table 5.5. ‘Sense of place’ as indicated by respondents across the three study areas.ab 
 
N 
CSG 
(%) 
CM 
(%) 
RA 
(%) 
Length of time in the community 405    
Less than 2 years  7.9 10.6 3.4 
2-5 years  15.2 17.1 12.8 
6-9 years  9.1 9.8 9.4 
10-19 years  15.8 22.8 12.8 
20 years or more  35.8 30.9 36.8 
Entire life  16.4 8.9 24.8 
a Note: There were missing data for some variables in each of the study areas. CSG = coal seam gas; CM = coal mining; and 
RA = rural/agricultural. 
b Variables for which there was a statistically significant difference between study areas (p < 0.05) are bolded. 
The three study areas differed significantly in terms of the length of time in the community 
(χ2(10) = 18.537, p = 0.047). These differences were mainly between the CM and RA areas. The RA area 
had the highest percentage of respondents who had lived in their community for their entire life (24.8% 
versus 16.4% and 8.9% for the CSG and CM areas, respectively) and the lowest percentage of 
respondents who had lived in their community for less than 2 years (3.4% versus 7.8% and 10.3% for the 
CSG and CM areas, respectively).  
The results suggest that the RA area respondents would have a stronger sense of place than the 
respondents from the other two study areas. Solastalgia is linked to a person’s sense of place. This is 
described as an attack on one’s sense of place (through transformation of a person’s environment), which 
creates feelings of distress (Albrecht, 2005). Due to the fact that a greater proportion of respondents in the 
RA area have been in the same area for their entire life compared to respondents in the other two areas, it 
could be expected that RA area respondents may have higher environmental distress scores, particularly 
with respect to the solastalgia subscale. This is discussed further in the section about the Environmental 
Distress Scale (Section 3.6). 
3.2.4 Indicators for the three study areas compared to Census data 
The previously described indicators were compared to 2011 Census data to understand how the 
respondents in the three study areas differed from the general population. The indicators that were 
previously described are shown in Table 5.6 alongside available 2011 Census data. 
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Table 5.6. Indicators used in this programme of work, as indicated by respondents in three study areas, 
compared to 2011 Census data.a 
 CSG 
(n = 167) 
% 
CSG 
general 
(% as at 
2011) 
CM 
(n = 126) 
% 
CM 
general 
(% as at 
2011) 
RA 
(n = 117) 
% 
RA 
general 
(% as at 
2011) 
Female 62.0 47.2 57.1 44.9 59.0 47.4 
Married 73.3 41.1 80.0 37.6 65.8 35.8 
No school or primary 
school education 
14.0 8.3 8.0 3.6 22.2 9.7 
Employed full-time 36.6 31.9 41.6 36.2 33.0 33.1 
Own home without 
mortgage / loan 
44.8 12.1 33.3 6.2 46.4 13.1 
Personal income ($52 
000 – $77 999) 
11.6 8.6 13.3 9.3 15.0 9.9 
Household income 
($52 000 – $77 999) 
9.6 3.6 5.1 2.2 19.8 4.1 
 Mean (sd) Mean Mean (sd) Mean Mean (sd) Mean 
Age (years) 55.8 (15.6) 39.0 52.6 (13.3) 30.2 59.3 (13.6) 39.9 
Number of people in 
household 
2.5 (1.2) 2.5 2.9 (1.3) 3.0 2.1 (1.1) 2.3 
a Note: Not all indicators used in this programme of work had comparable 2011 Census data; therefore, some of the previously described 
indicators are not included. CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
Survey respondents from the three study areas were similar to the general population in these three 
areas on some indicators, but differed in relation to other characteristics (according to Census data for 
these areas). While survey respondents appeared to be fairly similar to the general population in terms of 
full-time employment status and the mean number of people in the household, respondents differed on 
percent married, percent owning their own home without a mortgage/loan, and age, amongst others. 
Comparison to the 2011 Census data indicates the respondents from the three study areas may be different 
to the general population. It is likely that the low response rate was a source of this potential bias, and it is 
unknown how non-respondents differed from those who did respond. Such bias can distort the 
representation of the target population as the findings may not be the same if more of the non-respondents 
had participated (Sivo, Saunders, Chang, & Jiang, 2006). While efforts were made to maximise the 
response rate, it is clear that the respondents were not representative of the general population. 
3.3 General health (SF-36 outcomes) 
Perceived general health status was measured in each study area population through the use of the 
SF-36. As discussed in Chapter 4, each subscale is scored to provide an indication of general health 
status. Mean SF-36 scores for each of the participants were calculated for each study area to determine 
general health status across the three study areas. This was done for each of the eight domains of the SF-
36. Responses to the health transition question were also analysed for each study area to determine self-
reported changes in health status. 
3.3.1 Mean scores as a measure of general health 
Mean scores for the eight subscales are presented in Figure 5.3, as well as the physical and mental 
component summaries for each of the study areas, alongside the Australian normative data. The 
assumption of homogeneity of variances was not met; therefore, the Welch F-ratio was used with the 
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Games-Howell post-hoc test. Across the three study areas, the lowest mean scores were for the ‘vitality’ 
subscale, suggesting that all three areas have poorer general health in this domain. 
 
Figure 5.3. Mean Short-Form-36 (SF-36) scores for respondents in the three study areas across the SF-36 
subscales, including a reference line for SF-36 scores for Australia using 2007 norms (Note: 
PF = ‘physical function’, RP = ‘role–physical’, BP = ‘bodily pain’, GH = ‘general health’, 
VT = ‘vitality’, SF = ‘social function’, RE = ‘role–emotional’, MH = ‘mental health’, 
PCS = ‘physical component summary’, and MCS = ‘mental component summary’). The three 
study areas are: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
Overall, SF-36 scores for all three study areas were generally higher than the Australian norms. 
The Australian normative data have slight variation due to weighting of the data, ranging from 49.8 to 
50.0 (Hawthorne et al., 2007), and most of the scores fall at the mid-point, below the CSG, CM, and RA 
mean scores. Therefore, a reference line has been added at the mid-point in Figure 5.3 for visualisation 
purposes (the full set of scores can be found in Appendix H). The mid-point score of 50 is the value from 
which to compare outcomes as better or poorer than the general population. While there were no 
significant differences between the CSG study area and the CM or RA areas, comparison with the 
normative data suggests that respondents from all three study areas may have better self-reported general 
health compared to a person in the Australian general population. 
The ‘physical function’ subscale differed significantly between the three study areas 
[F (2, 245.39) = 3.19, p = 0.043]. Games-Howell post-hoc tests revealed that CM respondents reported 
higher scores than RA respondents (Games-Howell: p = 0.033; 95% CI: 0.56-16.32), but scores did not 
differ significantly between CSG and CM areas (p > 0.05). This suggests that the RA area respondents 
had the poorest health in terms of physical function.  
No other significant between-group differences were observed on any of the other subscales or in 
the physical and mental component summary scores (p > 0.05). 
All of the mean scores for each subscale can be found in Appendix H. 
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3.3.2 SF-36 health transition 
In terms of the SF-36 question on ‘health transition’, the majority of respondents for all three areas 
reported that their current health was about the same at the present time as at one year ago. This was also 
true for the respondents on which the Australian normative data (from 1995) were based.  
The percentage of respondents reporting their health as ‘much better than one year ago’, 
‘somewhat better than one year ago’, ‘about the same as one year ago’, ‘somewhat worse than one year 
ago’, and ‘much worse than one year ago’ is shown in Figure 5.4. The percentage of respondents 
recording each response (from the sample used to calculate the 1995 Australian normative data) for the 
Australian general population is also shown in the figure. 
 
Figure 5.4. Percentage of respondents from each study area, as well as the Australian general population, and 
the responses for the Short-Form-36 (SF-36) health transition question (Note: MB = ‘much better 
than one year ago’, SB = ‘somewhat better than one year ago’, Same = ‘about the same as one 
year ago’, SW = ‘somewhat worse than one year ago’, and MW = ‘much worse than one year 
ago’). The three study areas are: CSG = coal seam gas; CM = coal mining; and 
RA = rural/agricultural. 
The CM area had a higher percentage of respondents reporting that their health was much better at 
the present time than it was one year ago (10.5%). Conversely, the RA area had a higher percentage of 
respondents reporting that their health was much worse at the present time compared to one year ago 
(7.8%), which was closely followed by the CSG area (7.4%). However, these differences were not 
significant (p > 0.05). The three study areas were more similar to the Australian general population with 
respect to the percentage of respondents noting that their health was much better or somewhat better 
compared to one year ago; however, the CSG area respondents were more similar to the Australian 
general population for reporting health currently being somewhat worse, when compared to that of one 
year ago. CM area respondents were more similar to the Australian general population for reporting 
health currently being much worse than it was one year ago. 
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3.3.3 Discussion of general health (SF-36 outcomes) 
SF-36 scores from the three study areas were higher than the Australian norms, indicating overall 
better general health when compared to the Australian general population, but the areas were similar to 
one another. Norm-based comparisons allow for interpretation as to whether observed scores within a 
group are better or worse than those of the general population (Gandek, 2002). Due to the fact that norm-
based scoring equates all scores, scores below 50 are considered worse than the general population 
average (Gandek, 2002). The three study areas had scores that were above 50 for all measures, indicating 
scores were better than the Australian general population average. 
There are few studies that have examined all of the SF-36 subscales in rural and remote populations 
in Australia for which to compare these results. However, a few studies have used the SF-12 (a subset of 
the SF-36), with a particular focus on mental health. These included predictors of mental health outcomes 
(Eckert, Wilkinson, Taylor, Stewart, & Tucker, 2006) and prevalence of mental health outcomes 
categorised by remoteness categories (in South Australia) (Eckert, Taylor, Wilkinson, & Tucker, 2004). 
The former study found that presence of a physical health condition (as measured through the SF-12) is 
an important predictor of mental health outcomes (OR: 1.90; 95% CI: 1.20-3.00), but odds of mental 
health outcomes did not vary across remoteness categories (Eckert et al., 2006). Likewise, the latter study 
used the SF-12 to assess depression and found that, while the prevalence of depression was high (overall 
prevalence: 12.9%; 95% CI: 11.6%-14.2%), there was no evidence for substantial variation across 
remoteness categories (Eckert et al., 2004).  
The Household, Income and Labour Dynamics in Australia survey used a panel study design and 
measured SF-36 outcomes over time (Butterworth & Crosier, 2004). The datasets were pooled to analyse 
mental health outcomes categorised by remoteness categories (Dennis & Skelton, 2015). This analysis 
noted that residents living in remote and very remote areas self-reported significantly better mental health 
(i.e., higher SF-36 scores) than people in major cities, inner regional, and outer regional areas (Dennis & 
Skelton, 2015). While these studies have used parts of the SF-36 in rural and remote areas of Australia, it 
is difficult to compare the results from all of these studies to the results presented here as inner-area 
remoteness classification variation is present in the three study areas. Therefore, in the future, it would be 
useful to examine the data by SLA, if possible, and compare such data to an area classified as a major city 
(i.e., Brisbane) to see if those findings are similar to the studies presented above. 
The RA area reported poorer general physical health, with the lowest mean scores for the ‘physical 
function’ subscale. For the remaining domains, the three areas were not significantly different, meaning 
that self-reported general health status was similar across the three study areas. As discussed in 
Section 3.2 above, it could be expected that the RA area respondents might perceive their physical health 
status as poorer compared to that of respondents in the CSG or CM areas due to respondents in this area 
generally being older, which is associated with poorer health outcomes (National Rural Health Alliance 
Inc., 2013) and physical decline (Chappell & Cooke, 2010). However, as discussed previously, additional 
factors (e.g., education, income, housing status, and overcrowding) can contribute to health outcomes. It 
was thought the CM area respondents may have lower scores for some sub-scales due to the differences in 
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housing status, but this was not the case and could be attributed to other factors that should be explored in 
the future.  
Some studies have used the SF-36 with respect to residents living near wind farms (Mroczek, 
Kurpas, & Karakiewicz, 2012; Nissenbaum, Aramini, & Hanning, 2012) and traffic or noise annoyance 
(Hansen & Neller, 2005; Nitschke, Tucker, Simon, Hansen, & Pisaniello, 2014), but overall, literature 
related to resource development and use of the SF-36 in communities is limited. One study conducted in 
India compared women in a coal mining community to women in an agricultural community and found 
that the agricultural area respondents had scores that were significantly higher (indicating better health) 
than those of the coal mining area respondents for certain measures such as ‘role–physical’, ‘mental 
health’, and ‘general health’ (D'Souza, Karkada, & Somayaji, 2013). While this is an example of the SF-
36 being used in relation to resource development, it is not plausible to compare outcomes reported in 
developing countries to those from developed countries due to other differences such as socioeconomic 
status, culture, access to health services, and other factors. Therefore, a conclusion here is that more 
research is needed where the SF-36 is applied in similar settings so the outcomes from this study can be 
compared to outcomes from other resource development settings, as well as rural and remote areas. 
3.4 Self-reported symptoms (SI-65 outcomes) 
This section reviews the results of the SI-65, with a discussion on the weekly and monthly self-
reported symptoms, as well as symptoms experienced sometimes. While there were significant 
differences between the study areas in terms of prevalence of several symptom groupings that were 
experienced weekly, monthly, and sometimes, overall, the three areas were not different compared to one 
another in terms of the total number of symptoms experienced weekly, monthly, or sometimes. 
3.4.1 Symptoms experienced weekly 
The percentage of respondents in each study area who reported experiencing symptoms (within 
each symptom grouping) in the last week is shown in Figure 5.5. 
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Figure 5.5. Percentage of respondents reporting weekly symptoms according to symptom grouping, by study 
area. Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
A significantly higher proportion of participants in the CM area reported symptoms in the 
‘behavioural’ (CSG: 26.9%, C: 42.9%, RA: 28.2%) and ‘skin’ (CSG: 11.4%, CM: 22.2%, RA: 8.5%) 
categories during the past week (χ2 (2) = 9.522, p = 0.009 and χ2 (2) = 10.980, p = 0.004, respectively). No 
differences were observed between the three study areas in relation to ‘circulatory’, ‘digestive’, ‘ear, 
nose, mouth’, ‘immunological’, ‘muscles/joints’, ‘neurological’, ‘other/general’, ‘reproductive’, 
‘sinus/respiratory’, ‘urinary’, or ‘vision/eyes’ symptoms reported weekly (p > 0.05). 
The respondent with the highest number of symptoms reported in the past week (n = 45) came from 
the CSG area; however, the mean number of weekly reported symptoms did not differ significantly by 
study area (p > 0.05). 
In the CSG area, the individual symptom most commonly self-reported was ‘joint pain’, with 
23.4% of CSG area respondents reporting joint pain in the past week. This was followed by ‘back pain’ 
and ‘headaches’ (22.8%), ‘muscle pain’ (20.4%), ‘sinus problems’ (19.2%), and ‘neck pain’ (17.4%). The 
most prevalent symptom in the CM area was ‘problems with sleeping’, with 27.8% of the CM 
respondents reporting problems with sleeping in the past week. This was followed by ‘back pain’ and 
‘headaches’ (25.4%), ‘stuffy nose’ (22.2%), ‘unusual fatigue’ (21.4%), and ‘sinus problems’ (20.6%). In 
the RA area, the most common self-reported symptom was ‘headaches’, with 26.5% of the RA 
respondents reporting headaches in the past week. This was followed by ‘back pain’ (25.6%), ‘joint pain’ 
(24.8%), ‘muscle pain’ (22.2%), ‘heartburn’ (17.9%), and ‘problems with sleeping’ (17.9%). 
3.4.2 Symptoms experienced monthly 
The percentage of respondents in each study area who reported symptoms within each symptom 
grouping in the last month is shown in Figure 5.6. 
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Figure 5.6. Percentage of respondents reporting monthly symptoms according to symptom grouping, by study 
area. Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
Significantly more participants in the CM area reported ‘behavioural’ (CSG: 10.2%, CM: 18.3%, 
RA: 8.5%), ‘neurological’ (CSG: 12.6%, CM: 21.4%, RA: 6.0%), and ‘skin’ (CSG: 5.4%, CM: 12.7%, 
RA: 6.0%) symptoms in the last month (χ2 (2) = 6.407, p = 0.041, χ2 (2) = 12.632, p = 0.002, and χ2 (2) = 
6.087, p = 0.048, respectively). No differences were observed between the three study areas in relation to 
‘circulatory’, ‘digestive’, ‘ear, nose, mouth’, ‘immunological’, ‘muscles/joints’, ‘other/general’, 
‘reproductive’, ‘sinus/respiratory’, ‘urinary’, or ‘vision/eyes’ symptoms reported monthly (p > 0.05). 
The CM area had the respondent who reported the highest number of symptoms experienced 
monthly (n = 22), but the mean number of monthly symptoms did not differ significantly by study area 
(p > 0.05). 
In terms of symptoms experienced monthly, the most prevalent symptoms in the CSG area were: 
‘headaches’ (7.2%), ‘feeling sickly’ (7.2%), and ‘weight gain’ (7.2%), followed by ‘sinus problems’ 
(6.6%), ‘muscle pain’ (6.0%) and ‘cough’ (6.0%), and ‘back pain’ (5.4%) and ‘joint pain’ (5.4%). The 
most prevalent symptoms experienced monthly in the CM area were: ‘headaches’ (11.9%), ‘muscle pain’ 
(11.1%), ‘problems with sleeping’ (10.3%) and ‘weight loss’ (10.3%), and ‘feeling sickly’ (9.5%) and 
‘stuffy nose’ (9.5%). The most prevalent symptoms experienced monthly in the RA area were: ‘weight 
loss’ (10.3%), ‘back pain’ (7.7%), ‘feeling sickly’ (6.0%) and ‘heart pounding’ (6.0%), and ‘stomach 
pain’ (5.1%) and ‘stuffy nose’ (5.1%). 
3.4.3 Symptoms experienced ‘sometimes’ 
The percentage of respondents from each study area who reported symptoms experienced 
sometimes, according to the symptom groupings, is shown in Figure 5.7. 
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Figure 5.7. Percentage of respondents reporting symptoms experienced sometimes according to symptom 
grouping, by study area. Note: CSG = coal seam gas; CM = coal mining; and 
RA = rural/agricultural. 
Significantly more participants in the CM area (CSG: 12.0%, CM: 23.0%, RA: 16.2%) reported 
sometimes experiencing ‘immunological’ symptoms (χ2 (2) = 6.341, p = 0.042). Likewise, over one-third 
of RA participants reported sometimes experiencing ‘circulatory’ symptoms, compared with 24.0% of 
CSG participants and 19.8% of CM participants (χ2 (2) = 7.845, p = 0.020). No differences were observed 
between the three study areas in relation to ‘behavioural’, ‘digestive’, ‘ear, nose, mouth’, ‘muscles/joints’, 
‘neurological’, ‘other/general’, ‘reproductive’, ‘sinus/respiratory’, ‘skin’, ‘urinary’, or ‘vision/eyes’ 
symptoms experienced sometimes (p > 0.05). 
The respondent who reported the highest number of symptoms experienced sometimes came from 
the CM area (n = 25); however, the mean number of monthly symptoms did not differ significantly by 
study area (p > 0.05). 
The most prevalent symptoms experienced sometimes in the CSG area were: ‘headaches’ (21.0%), 
‘heartburn’ (20.4%), ‘weight gain’ (19.8%), ‘back pain’ (18.6%), and ‘muscle pain’ (17.4%). The most 
prevalent symptoms experienced in the CM area were: ‘fever’ (23.0%) and ‘weight gain’ (23.0%), ‘back 
pain’ (19.8%), ‘problems with sleeping’ (15.1%), and ‘feeling sickly’ (15.0%). Finally, the most prevalent 
symptoms experienced sometimes in the RA area were: ‘headaches’ (26.5%), ‘weight gain’ (25.6%), 
‘feeling sickly’ (23.9%), ‘heartburn’ (22.2%), and ‘unusual fatigue’ (21.4%).  
The percentage of respondents in each study area reporting symptoms within any of the 13 
symptoms groupings can be found in Appendix H. 
3.4.4 Discussion of symptoms (SI-65 outcomes) 
While the three study areas did not differ in terms of the mean number of symptoms experienced 
weekly, monthly, or sometimes, the three study areas did differ in terms of the proportion of respondents 
reporting symptoms within certain symptom groupings for each of the time intervals. These symptom 
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groupings included ‘behavioural’ and ‘skin’ for weekly symptoms, ‘behavioural’, ‘neurological’, and 
‘skin’ for monthly symptoms, and ‘immunological’ and ‘circulatory’ for symptoms experienced 
sometimes. Significantly more respondents in the CM area reported symptoms for all of these groupings 
on a weekly, monthly, and sometimes basis, except for ‘circulatory’ symptoms, where a higher 
proportion of RA area respondents noted experiencing symptoms sometimes.  
A number of studies have been conducted that examined symptoms reported by residents near 
UNGD operations. Some of the most prevalent symptoms reported in UNGD areas in DISH/Clark, Texas; 
Pavillion, Wyoming; and Pennsylvania included sinus problems, throat irritation, allergies, 
weakness/fatigue, eye irritation, nasal irritation, memory loss, and joint pain (Steinzor et al., 2013; Subra, 
2009, 2010). In Pennsylvania, a survey in counties with shale gas revealed symptom groupings of 
sinus/respiratory, behavioural, neurological, muscles/joints, and digestive to be the most prevalent 
(Steinzor et al., 2013). Additionally, another survey in Pennsylvania noted that dermal and respiratory 
conditions were more prevalent amongst residents living nearer to UNGD (Rabinowitz et al., 2015).   
Some of the symptom groupings reported in the literature align with the most prevalent symptom 
groupings found in the CSG study area (‘muscles/joints’ and ‘digestive’). Likewise, while some of the 
most prevalent symptoms reported in the USA-based studies overlapped with the most prevalent 
symptoms in this study (‘joint pain’ and ‘sinus problems’), a number of these symptoms were not as 
prevalent in the CSG setting in Queensland. However, it should be noted from above that CSG 
respondents in this study reported fewer symptoms overall than CM or RA respondents. 
In terms of risk perception and self-reported health, a survey in Pennsylvania found that 12.5% of 
participants presenting to a primary care clinic believed UNGD contributed to their current symptoms, 
and 22% of participants were concerned about UNGD and its harm to health (Saberi et al., 2014). The 
data obtained for this part of the study did not allow for discerning whether self-reported symptoms 
differed amongst residents in the three study areas based on their perceptions of resource development 
exposures and the impact on health; however, this would be beneficial to include in future studies to 
determine if the level of community concern (risk perception) aligns with the reported health outcomes. 
In terms of symptom reporting in coal mining areas, Hendryx (2013) examined the number of self-
reported symptoms in residents of coal mining areas versus those in other areas without coal mining and 
found that residents in the coal mining area had a significantly higher number of symptoms for the eight 
symptom groupings used in that study (cardiovascular, eye/ear/nose/throat, gastrointestinal, 
muscle/joint/bone, neurological, respiratory, skin, and other). In this chapter, it was noted that a 
significantly higher proportion of CM respondents reported symptoms within certain groupings 
experienced weekly or monthly. While the eight symptoms groupings reported by Hendryx (2013) did not 
include a behavioural category, the equivalent of the digestive symptom grouping found here was the 
fourth most prevalent category in coal mining areas. Likewise, some of the most common symptoms 
reported in the Appalachian coal mining community included chest pain, cough, skin rashes, muscle/joint 
pain, headaches, and fatigue (Hendryx, 2013), some of which align with the most common symptoms 
reported in the CM area (i.e., muscle/joint pain, headaches, and fatigue). 
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One of the strengths of this component of the ERHI assessment was the assessment of health 
symptoms through the SI-65. To the author’s knowledge, previous studies that have included questions on 
symptomatology did not include multiple time intervals, which was done in this survey. A review of 
symptoms inventories in the literature revealed recall periods from one week through a person’s lifetime. 
‘Life-time prevalence’ was intentionally not used in the current study because it was considered an 
inappropriate measure of self-reported health due to the high risk of recall bias. A systematic review that 
assessed common somatic symptoms in large-scale studies identified two potential symptoms checklists 
(Zijlema et al., 2013); however, these lists focused on somatic symptoms and were limited in the number 
of physical symptoms (Petrie, Faasse, Crichton, & Grey, 2014). Based on this, a comprehensive 
symptoms inventory was compiled for this programme of work that was better suited to meet the study 
objectives, and participants were asked to rate their experience of these symptoms in relation to three 
distinct time periods. This was intentionally done to reduce recall bias as much as possible. 
3.5 Levels of depression, anxiety, and stress (DASS-21 outcomes) 
The DASS-21 was used to determine whether respondents in the CSG area reported different levels 
of depression, anxiety, or stress compared to respondents in the CM and RA areas.  
3.5.1 Categorisation of responses into ‘normal’ and ‘above normal’ 
Respondents whose depression, anxiety, or stress levels were considered mild, moderate, severe, or 
extremely severe were categorised into ‘above normal’. Figure 5.8 shows the proportion of respondents 
from each study area categorised as ‘above normal’. All other respondents were categorised as ‘normal’ 
on these subscales. 
 
Figure 5.8. Percentage of respondents from each study area classified as ‘above normal’ for each Depression 
Anxiety Stress Scales-21 (DASS-21) subscale. Note: CSG = coal seam gas; CM = coal mining; 
and RA = rural/agricultural.  
For all three areas, the majority of responses scored within the ‘normal’ range for all three 
subscales. Of CSG respondents, 19.2% were within the ‘above normal’ scoring for depression, 16.8% 
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were within ‘above normal’ scoring for anxiety, and 15.6% experienced abnormal stress. The frequency 
of participants identified as ‘above normal’ did not differ statistically between the three study areas 
(p > 0.05). 
3.5.2 Mean scores as a measure of depression, anxiety, and stress  
Mean scores for the depression, anxiety and stress subscales of the DASS-21 are shown for each of 
the three study areas in Figure 5.9. Australian norms for the DASS-21 subscales are also shown in 
Figure 5.9. 
 
Figure 5.9. Mean Depression Anxiety Stress Scales-21 (DASS-21) subscale scores for respondents in the 
three study areas, as well as the mean scores for the Australian general population. Note: 
CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
The highest means scores for the ‘depression’ and ‘stress’ subscales occurred in the CM area and 
the highest mean score for the ‘anxiety’ subscale was in the RA area; however, the mean score for each of 
the three subscales did not differ significantly between the three study areas (p > 0.05). The CSG area 
respondents reported experiencing lower levels of depression and stress compared to the CM and RA area 
respondents; however, this difference was not significant.  
Higher mean scores for depression and anxiety were observed in all of the study areas relative to 
the Australian general population. Only the CM area had higher mean scores for stress compared to the 
Australian general population. This suggests that there could be poorer mental health outcomes (i.e., 
higher levels of depression and anxiety) for all three study areas compared with the general population, 
which could affect a person’s overall general health.  
The mean scores can be found in Appendix H. 
3.5.3 Discussion of depression, anxiety, and stress (DASS-21 outcomes) 
Previous literature has suggested that some of the nonspecific symptoms that have been reported in 
UNGD areas may be linked to psychosocial stress associated with rapid development in communities 
(Adgate et al., 2014). Similarly, researchers have reported that higher levels of stress in these areas are 
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linked to an individual’s belief that their health has been affected (Ferrar et al., 2013). Higher scores on 
the DASS-21 for participants in the CSG area would support this hypothesis. However, there were no 
significant differences in DASS-21 scores between the study areas, and higher mean scores were 
observed in the CM area for two out of the three scales. On average, residents of each study area had 
poorer mental health, as indicated through higher mean scores for depression and stress, compared to 
those for the Australian general population. This is in contrast to the higher general health outcome scores 
noted in Section 3.3, where the respondents from the three study areas reported higher scores (indicating 
better health) than the Australian general population.  
That participants in the CM area experience greater psychosocial impacts is not unexpected. While 
the DASS-21 has not been used in other UNGD studies, Hossain et al. (2013) revealed that CSG and coal 
mining have impacted on the mental health of rural communities due to changes in community structure, 
higher cost of living, pressure on health services, and other factors. Although it is likely that these effects 
would be seen in both of the areas with natural resource development, at the present moment, the effects 
may be slightly greater in the coal mining area due to the industry being more established and having a 
more pronounced presence. This may change over time as development expands in the CSG area. 
While unemployment has been found to negatively affect physical and mental health (Badland et 
al., 2014), the three study areas were not significantly different in employment status, so this can be ruled 
out as an explanation of the poorer mental health observed in these data. As discussed in Section 3.2, 
housing status can be a social determinant of health, with renters having worse mental health status 
compared to homeowners (Macintyre, Ellaway, & Cummins, 2002). The CM respondents had the highest 
proportion of renters, as well as the highest mean scores for two of the three DASS-21 subscales, but 
scores were not significantly different from respondents in the CSG or RA areas where a lower proportion 
of renters were present. 
While some studies noted a U-shaped curve with respect to self-reported well-being and age (as 
discussed in Section 3.2), very few studies have actually examined the influence of certain demographic 
variables specifically related to DASS-21 outcomes. The DASS-21 authors noted that a trend was 
observed showing higher scores (indicating higher levels of depression, anxiety, and stress) in the 
youngest and oldest age brackets (Lovibond & Lovibond, 1995); however, others have noted that the 
influence of gender, occupation, education, and age on these scores are very modest at best (Crawford & 
Henry, 2003). Therefore, it was stated that the interpretation of DASS-21 scores are simplified as these 
demographic variables have negligible influences on overall scores (Crawford & Henry, 2003). 
As with the SF-36 norms and studies, there are few studies that have used the DASS-21 to examine 
levels of depression, anxiety, and stress in populations in rural and remote Australia, making comparison 
of these results to results from similar populations difficult. One study used the DASS-21 for a subset of 
rural Australians, farmers in particular; however, the sample was specific and included only overweight 
or obese men and women (Brumby et al., 2013). Additionally, the Rural Environments and Community 
Health study is a randomised controlled trial where the participants are residents of rural South Australia 
who are insufficiently active (Mitchell et al., 2014); however, the results are not yet available. Again, this 
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uses a specific subset of the population unlike this study. Similar to the conclusions made about the use of 
the SF-36 in rural Australian populations, more studies are required where Australians living in regional 
and remote areas are sampled, ensuring sufficient sample sizes for representativeness of the population, to 
ascertain whether the DASS-21 results presented here are similar to other rural Australian populations. 
3.6 Levels of environmental distress (EDS outcomes) 
The EDS was used to determine whether respondents in the CSG area reported different levels of 
environmental distress compared to respondents in the CM and RA areas. As a result of the internal 
reliability analyses, three items were removed from the EDS (one from each of three different subscales, 
i.e., ‘observed heritage destruction’ under ‘observation of hazards’; ‘feeling good about restoration of the 
environment’ under ‘solastalgia’; and ‘modifying home’ under ‘action’). Cronbach’s alpha scores ranged 
from 0.77-0.96 (defined as ‘mostly good’ to ‘excellent’ by George and Mallery (2003)) and, overall, was 
acceptable. 
3.6.1 Mean scores as a measure of environmental distress 
Figure 5.10 displays mean scores for each area of the six subscales of the EDS. Significant 
differences were observed between the study areas on all six subscales.  
 
Figure 5.10. Mean Environmental Distress Scale (EDS) subscale scores for respondents in the three study 
areas. Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
The CSG area respondents reported the lowest mean score for the ‘solastalgia’ subscale 
[F (2, 240.10) = 13.17, p < 0.001]. Post-hoc analyses indicated that ‘solastalgia’ was significantly lower 
in CSG participants compared to RA participants (Games-Howell: p < 0.001; 95% CI: -0.87 to -0.31), but 
there was no difference between CSG and CM participants (p > 0.05). The CSG and CM respondents 
were similar on most subscales, except ‘observation of hazards’, where CSG respondents had 
significantly lower scores (Games-Howell: p = 0.025; 95% CI: -0.17 to -0.01).  
CSG and RA participants differed significantly on all six of the subscales. Specifically, CSG 
respondents had significantly higher scores than RA respondents on the ‘frequency of hazards’ (Games-
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Howell: p < 0.001; 95% CI: 0.45-0.77), ‘observation of hazards’ (Games-Howell: p < 0.001; 95% CI: 
0.06-0.19), and ‘threat of hazards’ subscales (Games-Howell: p < 0.001; 95% CI: 0.49-0.89), but 
significantly lower scores on the ‘felt impact of environmental change’ (Games-Howell: p < 0.001; 95% 
CI: -0.53 to -0.15), ‘solastalgia’ (Games-Howell: p < 0.001; 95% CI: -0.87 to -0.31), and ‘action’ 
subscales (Games-Howell: p < 0.001; 95% CI: -0.13 to -0.04). 
The mean scores can be found in Appendix H. 
3.6.2 Discussion of environmental distress (EDS outcomes) 
Overall, the three study areas were significantly different from one another with respect to the six 
EDS subscales. The respondents from the CSG area presented lower scores for the ‘observation of 
hazards’ subscale compared to the CM area, while the CSG area was significantly different from the RA 
area for all of the subscales (with the CSG respondents presenting higher scores (indicating greater 
environmental distress) for ‘frequency of hazards’, ‘observation of hazards’, and ‘threat of hazards’ and 
the RA respondents presenting higher scores for ‘action’, ‘felt impact of environmental change’, and 
‘solastalgia’). 
With respect to environmental change as a result of resource development and associated 
environmental distress, the concept of psychoterratic illness has been raised in relation to these negatively 
perceived environmental changes (Albrecht, 2011). Psychoterratic illness is “earth-related mental illness 
where people’s mental wellbeing (psyche) is threatened by the severing of ‘healthy’ links between 
themselves and their home/territory” (Albrecht et al., 2007, p. S95). Based on this, it could be expected 
that the two resource development areas (i.e., CSG and CM) would have respondents who presented 
higher environmental distress scores for all of the EDS subscales; however, this was not the case. 
In relation to sense of place (Section 3.2.3 above), the results showed that the RA area had the 
highest proportion of respondents who had lived in their community for their entire life. It was expected 
that the RA area might present higher scores for the ‘solastalgia’ EDS subscale due to stronger place 
identities. This was confirmed by the data presented here. 
While a study conducted in the Upper Hunter, New South Wales found that residents living near 
open-cut mining had higher environmental distress scores for all six of the EDS subscales compared to 
residents of a nearby farming area (Higginbotham et al., 2006), the results of the current study indicate 
that respondents in the CSG and CM areas were more similar to one another compared with respondents 
in the RA area in terms of most dimensions considered in the EDS. Respondents from both the CSG and 
CM areas reported higher scores for the ‘frequency of hazards’, ‘observation of hazards’, and ‘threat of 
hazards’ subscales, while the RA area respondents reported higher scores for the ‘action’, ‘felt impact of 
environmental change’, and ‘solastalgia’ subscales.  
This is not surprising given that the CSG and CM areas have high levels of resource development 
activity. With more pronounced environmental change in those areas, it could be expected that the CSG 
or CM areas would have higher scores for all subscales; however, it is possible the RA area scored higher 
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for certain subscales because of an environment that is at a different stage of change unrelated to resource 
development (e.g., extreme weather events) or because of a strong sense of place among the respondents. 
4 General discussion 
This component of the ERHI assessment is an exploratory analytical cross-sectional study on the 
self-reported health impacts in the three previously described study areas located in Queensland. The self-
reported health status of respondents in the CSG area was not significantly different from that of the CM 
or RA area respondents on the SF-36, SI-65, or DASS-21 measures.  
Reporting of perceptions related to environmental distress did differ significantly between 
respondents in the three areas. The CSG and CM area respondents reported more similar scores for five 
out of the six subscales, indicating similar levels of environmental distress, while the CSG and RA areas 
differed on all of the subscales. The CSG area respondents noted more environmental hazards, a greater 
frequency of said environmental hazards, and reported that the threat of such environmental hazards was 
greater, compared to what was reported by the RA area respondents. However, the CSG area respondents 
did not take as much action to adapt to the environmental changes or attempt to resolve the changes and 
did not note felt impacts of such environmental change (i.e., physical, emotional, psychological 
symptoms) or feelings of solastalgia at the same levels as respondents in the RA area. 
To the author’s knowledge, there are no published studies that used the DASS-21, SF-36, or the 
EDS in CSG areas (or other UNGD areas); nor are there UNGD studies that have used a similar impact 
assessment design with a comparative approach to assess ERHIs. This is the first study in Australia to 
conduct an ERHI assessment for CSG. This chapter specifically investigated health experiences and 
environmental distress that would generally not result in hospital admission. Overall, the results indicate 
that the perceived health outcomes, as reported by residents living in the CSG area, are not worse than the 
perceived health outcomes reported by residents living in the other study areas. However, the experiences 
and perceptions of environmental distress reported by residents living in the CSG area are somewhat 
better on some dimensions, and somewhat worse on other dimensions, compared to the experiences and 
perceptions reported by residents living in the RA area.  
As discussed in Section 1 above, some previous studies have used community surveys to examine 
health in UNGD areas; however, the majority of these have been in the USA and focused on shale gas or 
tight gas rather than CSG. Stratified random sampling was used in the current study, which represents a 
methodological improvement over previous studies. Only one other study appeared to use randomised 
sampling (Coons & Walker, 2008); most others have used purposive sampling or were not clear in the 
sampling method (McCarron, 2013; Saberi et al., 2014; Steinzor et al., 2013; Subra, 2009, 2010).  
This component of the ERHI assessment has a number of limitations. A very important limitation 
was the fact that residential mailing data could not be sourced from the State Electoral Roll due to 
changes in legislation. The use of a third-party provider presented several problems. The provider could 
not supply addresses by SLA and the database was out of date, as indicated by the substantial number of 
unopened postal returns. In some cases, residents had not lived at the address for more than five years. 
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Some additional addresses were supplied by the company to replace the invalid addresses; however, the 
same issues arose with these addresses. Due to having to source addresses based in the main towns in 
each study area, it is likely that residents who live farther away from town (and possibly closer to 
resource development) were not included in the sampling frame. The low response rate makes it difficult 
to draw any definitive conclusions about self-reported health status in these study areas. Likewise, the 
small samples sizes precluded additional analyses that were included in the original analysis plan (i.e., 
logistic regression); therefore, crude comparison statistics were presented here as a way to explore the 
data and guide further research. 
Additionally, information was collected via self-report in this study. Recall bias is always possible 
when using self-report data–this study being no exception. Hence, the data should be interpreted with 
caution. The lack of other studies on rural Australian populations (not specific subsets) also limits the 
comparison of these results against similar populations. The normative data that were presented excluded 
residents from sparsely settled areas as well, so the norms are biased towards those living in major cities 
or rural residents living near larger town centres, making direct comparisons to these results difficult. 
Further analyses examining the information that was not assessed in this component of the ERHI 
assessment are suggested for future research. While the limitations associated with this study meant that 
there was no control for potential confounding, this is important to consider for future studies (where 
preliminary associations may be present between the study areas). Ideally, for a larger sample, GIS 
mapping would be used to identify where respondents are located within each study area so respondents 
can be stratified according to distance from resource development. This would include a broader sampling 
frame to include residents living farther away from the main towns. Additionally, age groups should be 
stratified to determine if there are specific health impacts on a certain cohort. While this component of the 
ERHI assessment had a very low response rate for the children’s survey, further studies could examine 
children’s environmental health in comparative areas.  
Future research should also be prospective. Participants could report measures as baseline, then 
periodically at different intervals to determine if scores in the CSG area change over time as the industry 
develops and discover how this compares with CM and RA areas. However, this would require 
substantial resources and community engagement. Additionally, future research could examine 
environmental data, if available, in conjunction with health data from the CM area to investigate why 
respondents reported a higher prevalence of certain symptoms compared to residents of the CSG and RA 
areas. 
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Chapter 6:    
Objective health outcomes 
Some of the information in this chapter forms the basis for a journal article that was recently 
published in BMC Public Health (Environmental Health section). The article is in Appendix I. 
The outcomes from the ‘Subjective Health Outcomes’ component enabled the examination of study 
area symptoms and environmental distress for which an affected person would generally not be admitted 
to hospital. This chapter addresses the second component of Part C (‘Assessment’) and presents 
‘Objective Health Outcomes’ data from the three study areas. 
This chapter uses health data in the form of hospital admissions, which is the highest level of 
morbidity data available. Hence, the purpose of this chapter is to study trends over time in relation to 
hospital admission rates in the CSG setting compared to the alternative environmental settings. 
7 
1 Introduction 
The expansion of the CSG industry in Australia and the concerns that have been voiced about 
potential human health impacts of unconventional natural gas development (UNGD) have been addressed 
in the Introduction and in Chapter 2. The discussion also addressed the general lack of studies on 
environmental and public health research into the effects of UNGD, which has contributed to widespread 
public concern (Adgate et al., 2014).  
There is currently a lack of human health impact assessments and accessible baseline studies in 
Australia (McCarron & King, 2014), as well as little data on CSG-associated environmental hazards to 
                                                     
7 Note: CSG = coal seam gas and ICD = International Classification of Diseases. 
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which people may be exposed. In relation to these exposures, a number of factors can affect exposure 
pathways and the resultant health effects, including the rate of release, fate and transport, persistence in 
the environment, frequency and duration of human contact with the stressor, and human factors (e.g., 
health behaviour, vulnerability, occupation), which can increase or decrease likelihood of exposure 
(Adgate et al., 2014). While some work has begun on mapping exposure pathways for CSG-associated 
water in Queensland–from the source to the exposed populations (Navi, Skelly, Taulis, & Nasiri, 2014)–
source to effect pathways need to be fully mapped for all exposure media, including air and soil. 
Exposure to, and potential effects of, other environmental hazards (e.g., noise and light) also need to be 
addressed.  
The review of UNGD studies, largely from the USA, included cross-sectional studies (Steinzor et 
al., 2013; Texas Department of State Health Services, 2010a), an ecological study (Fryzek et al., 2013), 
qualitative studies (Ferrar et al., 2013; S. Perry, 2013), a retrospective cohort study (McKenzie et al., 
2014), a study using a ‘difference-in-differences’ design (Hill, 2012), as well as human health risk 
assessments (Colorado Department of Public Health and Environment, 2010; McKenzie et al., 2012; 
Walther, 2011) and a health impact assessment (HIA) (Witter et al., 2011). These studies have 
predominantly examined cancer incidence, birth outcomes, cancer and non-cancer risks for air emissions, 
and a range of areas of concern (e.g., identified in the HIA, including air pollution, water and soil 
contamination, and community wellness). Very few epidemiological studies have been conducted on the 
ERHIs associated with CSG development, and none to the author’s knowledge have been conducted in 
Australia. 
While impacts of UNGD on children was discussed briefly in Chapter 2, it is important to note that 
there are no peer-reviewed studies in Australia that have investigated the potential impacts of CSG 
development on children and adolescents. Some of the previously mentioned studies have examined the 
impacts of shale gas and tight gas development on children and adolescents, including birth outcomes 
(Hill, 2012; McKenzie et al., 2014), childhood cancer (Fryzek et al., 2013), and use of certain datasets, 
such as emergency room presentations and hospital admission data, that separated out this cohort to some 
degree (Coons & Walker, 2008). However, Finkel et al. (2013) have noted that knowledge of health risks 
associated with UNGD specific to children is largely unknown. 
1.1 Understanding potential CSG-associated morbidity via hospitalisation data 
Some of the strengths and weaknesses associated with the use of hospital admissions data have 
been discussed previously in Chapter 4, Section 2.2.2. Ideally, higher resolution data, such as that from 
visits to general practitioners in the respective areas, or even Emergency Department data, should also be 
used. However, both of these data sources were scoped out of this programme of work due to significant 
time lags that were projected by data custodians to obtain these data (access and ethics) or due to 
unavailability of such data. Therefore, this chapter (as well as Chapter 7) analysed data from the 
Queensland Hospital Admitted Patient Data Collection (QHAPDC) through primary diagnosis codes, as 
classified by International Classification of Diseases (ICD) coding. 
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1.2 International Classification of Diseases (ICD) coding  
ICD coding is a tool used to classify diseases and is the basis for how diagnosis codes are assigned. 
ICD coding has been utilised by Australian hospitals to identify diseases and procedures since 1968 
(Roberts et al., 1998). In July 1999, ICD-10-AM (International Classification of Diseases, version 10, 
Australian Modification) was introduced in Queensland, subsequent to ICD-9-AM (Roberts et al., 1998). 
There are 22 main chapter headings (shown in Table 6.1). ICD-9 coding is mainly numeric (e.g., 360-
379), while ICD-10 coding is alphanumeric (e.g., H00-H59); therefore, to make these codes uniform 
across a study time period, codes can be forward- or backward-mapped so that all codes fall under one 
version of ICD coding. 
Table 6.1. ICD-10-AM main chapter headings used for this study and relevant abbreviations used throughout 
this thesis.ab 
Chapter 
number 
Chapter heading Abbreviation 
1 Certain infectious and parasitic diseases  (‘Infectious disease’) 
2 Neoplasms  (‘Neoplasms’) 
3 
Diseases of the blood and blood-forming organs and certain  
disorders involving the immune mechanism  
(‘Blood/immune’) 
4 Endocrine, nutritional and metabolic diseases (‘Endocrine’) 
5 Mental and behavioural disorders (‘Mental disorders’) 
6 Diseases of the nervous system (‘Nervous system’) 
7 Diseases of the eye and adnexa (‘Eye’) 
8 Diseases of the ear and mastoid process (‘Ear’) 
9 Diseases of the circulatory system (‘Circulatory’) 
10 Diseases of the respiratory system (‘Respiratory’) 
11 Diseases of the digestive system (‘Digestive’) 
12 Diseases of the skin and subcutaneous tissue (‘Skin’) 
13 Diseases of the musculoskeletal system and connective tissue (‘Musculoskeletal’) 
14 Diseases of the genitourinary system (‘Genitourinary’) 
15 Pregnancy, childbirth and the puerperium (‘Pregnancy’) 
16 Certain conditions originating in the perinatal period (‘Perinatal’) 
17 
Congenital malformations, deformations and chromosomal  
abnormalities 
(‘Congenital’) 
18 
Symptoms, signs and abnormal clinical and laboratory  
findings, not elsewhere classified 
(‘Symptoms NEC’) b 
19 
Injury, poisoning and certain other consequences of external  
causes 
(‘Injuries’) 
20 External causes of morbidity and mortality Not included 
21 
Factors influencing health status and contact with health  
services 
Not included  
22 Codes for special purposes Not included 
a Note: ICD-10-AM = International Classification of Diseases, version 10, Australian Modification. 
b Note: NEC = not elsewhere classified.  
 
In each ICD chapter, there are sub-chapters with more specific diagnoses and more specific codes 
within these sub-chapters. For example, in ICD-10-AM, Chapter 10 is ‘Diseases of the respiratory 
system’ and within this, sub-chapter ‘J00-J06’ is ‘Acute upper respiratory infections’, then within this, 
‘J01’ is ‘Acute sinusitis’, and finally, within this, ‘J01.0’ is ‘Acute maxillary sinusitis’. Each health 
condition can be uniquely described in this way, with a maximum of six characters to each code.  
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Chapter 20 (‘External causes of morbidity and mortality’) was excluded because this chapter is 
usually used in conjunction with Chapter 19 (‘Injuries’). Injuries are described in relation to the body 
region injured in Chapter 19, whereas the mechanism of injury is described in Chapter 20. Generally, 
Chapter 19 is used as the primary diagnosis and Chapter 20 is used as supplementary information. 
Chapter 21 (‘Factors influencing health status and contact with health services’) is used to describe 
hospital admissions that do not relate to a disease or injury (e.g., ‘Persons encountering health services 
for examination and investigation’). Chapter 22 (‘Codes for special purposes’) relates to provisional 
assignment of new diseases of uncertain aetiology. Both of these chapters were also excluded from 
analyses due to their not containing relevant outcomes of interest for this research.   
Specific to Australia, Australian Coding Standards are in place for every hospital to provide 
clinical coders with coding guidelines and standards for assigning ICD-10-AM codes (Cummings et al., 
2011). In terms of coding inconsistencies, there are checks in place, such as these standards, educating 
clinical coders, and input from clinicians, that help employees code efficiently and accurately (Roberts et 
al., 1998).  
As discussed in the Introduction and in Chapter 2, the majority of research that has been conducted 
has focused on shale gas, which is fundamentally different from CSG. Due to this factor, as well as to the 
general lack of data specifically on the potential health-related consequences of CSG, and particularly 
within Australia, temporal trends were investigated for all ICD chapters rather than selecting a number of 
specific ICD chapters. This was preliminary and intended to guide areas of further research where more 
specific sub-chapters and/or codes can then be examined. 
2 Methods 
The methods presented in this chapter review the study areas that were used, as well as the data 
necessary to calculate hospitalisation rates for the three study areas. The analyses that were used to 
determine where there were significant increases in hospitalisation rates over time in the CSG area are 
also discussed. 
2.1 The study areas 
The three environmental settings selected for the ERHI assessment (the primary CSG setting 
(CSG), the alternative coal mining setting (CM), and the alternative rural/agricultural setting (RA)) and 
the study areas to which these settings were applied were previously discussed. The study areas were 
grouped according to the previously described groups of Statistical Local Areas (SLAs) (rather than 
according to smaller areas such as postcodes) due to certain constraints in obtaining data, mainly related 
to privacy and confidentiality concerns, as well as there being smaller population numbers in the RA area.  
As of 2011, the population in the CSG area was approximately 45,802 (median age 36.4 years). 
The population in the CM area was 53,705 (median age 31.5 years), and the population in the RA area 
was 7,675 (median age 37.4 years) (Queensland Government, 2014c). Indigenous persons comprised 
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approximately 5.3% of the CSG area population and 4.8% and 16.2% of the CM and RA area 
populations, respectively (Queensland Government, 2014c).  
2.2 Data to calculate hospitalisation rates 
Estimated resident population (ERP) data for each of the three study areas for every calendar year 
(1995-2011) were obtained from the Australian Bureau of Statistics (ABS). Hospital admissions data 
were provided by Queensland Health for the same areas, also by calendar year, to calculate hospitalisation 
rates. Details on obtaining population data and ERP data were outlined in Chapter 3, Section 3. Details on 
obtaining hospital admissions data and the variables that were obtained were discussed in Chapter 4, 
Section 2.2.2. The list of variables requested from the QHAPDC is shown in Appendix D.  
It is important to note that data pertaining to all-ages, as well as two other cohorts 
(children/adolescents and adults), were examined for this chapter (as well as Chapter 7) of the assessment. 
Standard age groupings were used for logistical reasons (i.e., how the data were provided) and for 
comparability purposes in the Australian setting. While important to examine outside this programme of 
this work, assessment of the potential health issues associated with CSG development specific to the older 
adult cohort (65-74, 75-84, and 85+ years) was not included in the analyses due to the fact that the health 
issues of older age groups are unique and more complex in many respects compared to younger persons. 
The potential impacts of CSG development on older persons could not be dealt with in sufficient detail 
here, given what is covered in this thesis.  
Due to the use of two different ICD versions (ICD-9-AM and ICD-10-AM) during the study time 
period, ICD-9 codes were forward-mapped to equivalent ICD-10 codes for analyses. This enabled the use 
of uniform coding over the study time period. 
2.3 Analysis 
Hospitalisation rates per 1,000 persons were calculated for each calendar year of the study period, 
for each study area. The following rates were calculated:  
 age-standardised, all-cause rates;  
 age-standardised, cause-specific rates;  
 age-specific, all-cause rates; and  
 age-specific, cause-specific rates.  
Age-standardised rates (direct method of age-standardisation) were calculated using the 2001 
Australian population as the standard population (Australian Bureau of Statistics, 2010). Standardisation 
was used to make rates comparable across the populations over time, removing differences in the age 
structures of the different populations (Australian Institute of Health and Welfare, 2011b). 
A preliminary assessment of secular trends in hospitalisation rates was made through visual 
examination of rates in the CSG, CM, and RA areas. Analyses were conducted for age-standardised, all-
cause rates, as well as age-standardised, cause-specific rates for the 19 previously described ICD chapters. 
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This was done using the appropriate regression analyses (Poisson, negative binomial, or zero-inflated) to 
determine whether hospital admission rates increased significantly in the CSG study area over time 
compared to either the CM or RA study areas.  
Yearly admissions data were used for the analyses to ensure sufficient numbers for model 
convergence. Counts were modelled in a series of regression models with a log link function, which were 
offset by the log of the population so that rates could be examined over time. The population offset was 
included to account for underlying changes in the population so that all areas were not given the same 
weight. The Vuong test (SAS Institute; Vuong, 1989) was used to check each regression to determine 
which model provided the best fit for the data. Additionally, the deviance, dispersion, Akaike Information 
Criterion, and Bayes Information Criterion were checked to assess goodness of fit (Ismail & Jemain, 
2007; Lord & Park, 2010; Zhang & Liu, 2013). As the focus of this study was to explore potential adverse 
impacts of CSG development, the primary outcome of interest was to determine whether hospitalisation 
rates (assessed via ICD chapters) increased over time in the CSG area relative to the changes in either, or 
both, of the other study areas. Time was included as a continuous variable (period) and the interaction 
between area and period was used to assess the relative changes in slopes over time between the study 
areas (i.e., the relative rates of change over time). The analytical method allowed calculation of rate ratios 
(RR; 95% CI) to describe any relative increases over time in hospitalisation rates for a particular health 
condition in the CSG study area relative to the CM study area and to the RA study area, separately. 
Age-specific regression analyses were conducted for each ICD chapter separately for 
children/adolescents (0-4, 5-9, 10-14, and 15-19 years) and adults (20-34, 35-44, and 45-64 years) using 
the same method described above.  
Due to the magnitude of the analyses completed, a strategy was used to guide presentation and 
interpretation of results in the most comprehensible way. This strategy determined which results to focus 
on in this section of the thesis and was as follows: 
 Statistically significant increases over time in hospitalisation rates in the CSG area relative to 
both the CM and the RA areas were considered of most relevance.  
 Statistically significant increases over time in hospitalisation rates in the CSG area relative to 
either the CM area or to the RA area where there was no increase in rates over time in the CM 
area relative to the RA area; or where there was a decrease in rates over time in the CM area 
relative to the RA area. These findings were also of relevance for this study, but to a lesser extent. 
In this way, ICD chapters where the CSG study area showed an increase in hospitalisation rates 
over time compared to the CM and/or RA areas were identified. As noted in Chapter 1, Section 2, it was 
not the intent of this ERHI assessment to weigh costs and benefits; instead, the focus was on finding signs 
of adverse health outcomes over time to guide future research, i.e., where the CSG area showed 
increasing hospitalisation rates over time. While it is important to consider the outcomes where lower 
rates were present in the CSG area compared to the CM and/or RA areas to assess if the results were 
likely due to chance or if it was a reflection of an underlying association with CSG development, these 
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results were not the focus of this thesis due to the presentation of a large amount of information. 
However, all results, including those where CSG rates were lower, are presented in the Appendices. This 
approach was used for:  
 all-age, all-cause rates;  
 all-age, cause-specific rates;  
 age-specific, all-cause rates; and  
 age-specific, cause-specific rates (children/adolescents and adult cohorts). 
An additional, but important, point to mention is with respect to multiple testing. Multiple testing 
adjustments were not made for the following analyses (Chapters 6 or 7). 
3 Results 
The results are presented for all-age hospitalisations and then separately for age-specific 
hospitalisations for children/adolescents and adults.  
3.1 All-age hospitalisation rates across the study areas 
There were 459,549 admissions to hospital for 1995-2011 across the three study areas, with 
51.89% from the CSG area, 35.83% from the CM area, and 12.28% from the RA area. Within the CSG 
area, the highest percentage of admissions was for ‘Digestive’ diseases, followed by ‘Injuries’, 
‘Pregnancy’, ‘Circulatory’ diseases, and ‘Neoplasms’. Within the CM area, the highest percentage of 
admissions was for ‘Injuries’, followed by ‘Digestive’ diseases, ‘Pregnancy’, ‘Symptoms NEC’, and 
‘Respiratory’ diseases. Finally, within the RA area, the highest percentage of admissions was for 
‘Injuries’, followed by ‘Digestive’ diseases, ‘Respiratory’ diseases, ‘Symptoms NEC’, and ‘Circulatory’ 
diseases. 
Age-standardised hospitalisation rates for ‘All-cause’ admissions are shown in Figure 6.1, and the 
rates for the 19 ICD chapters analysed can be found in Appendix J (note that the differences in the 
hospitalisation rate scale for the figures are for visual display of the data, so the magnitude of the effect 
cannot be understood by directly comparing the graphs).  
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Figure 6.1. Age-standardised, all-cause hospitalisation rates per 1,000 for coal seam gas (CSG), coal mining 
(CM), and rural/agricultural (RA) areas, 1995-2011. 
In terms of ‘All-cause’ hospitalisation rates, Figure 6.1 shows that the rates were highest in the RA 
study area compared to the CSG and CM areas. Rates in the CSG and CM areas were more similar to one 
another. Rates in all areas were fairly stable, with the CSG area showing a slight increase over time.  
The Vuong test and goodness of fit criteria indicated negative binomial regression was the best fit 
for the age-standardised regressions (Gardner, Mulvey, & Shaw, 1995; SAS Institute; Zhang & Liu, 
2013). Increases over time in age-standardised hospitalisation rates (as represented by rate ratios and 95% 
CI) are shown in Table 6.2 for all-cause hospitalisations, as well as any of the 19 ICD chapters that were 
significant as per the strategy outlined in Section 2.3. Appendix K presents the full set of results, 
including the results for those outcomes that did not meet the criteria for the presentation strategy. Any 
rate ratios above 1.00 indicate an increase in the hospitalisation rate over time, while any rate ratios below 
1.00 indicate a decrease in the hospitalisation rate over time, relative to the referent (as specified). 
Table 6.2. Rate ratios (RR) and 95% confidence interval (CI) for all-age hospitalisation rates in the three study 
areas over time.a 
 CSG vs CM CSG vs RA CM vs RA 
All-cause 1.01 (1.00-1.01)b 1.01 (1.01-1.02) 1.00 (1.00-1.01) 
Infectious disease 1.02 (0.99-1.04) 1.03 (1.00-1.06)b 1.02 (0.99-1.05) 
Neoplasms 1.03 (1.01-1.04) 1.01 (0.99-1.03) 0.98 (0.97-1.00)b 
Blood/immune 1.08 (1.05-1.12) 1.05 (1.01-1.09) 0.97 (0.94-1.01) 
Nervous system 1.01 (1.00-1.03) 1.04 (1.02-1.06) 1.02 (1.00-1.04)b 
Eye 1.04 (1.02-1.06) 1.04 (1.02-1.06) 1.00 (0.98-1.03) 
Ear 1.04 (1.01-1.06) 1.03 (1.00-1.05) 0.99 (0.96-1.02) 
Respiratory 1.00 (0.99-1.01) 1.01 (1.00-1.03)b 1.02 (1.01-1.03) 
Skin 1.06 (1.04-1.08) 0.98 (0.96-1.00) 0.93 (0.91-0.95) 
Musculoskeletal 1.01 (1.00-1.02)b 0.99 (0.98-1.01) 0.98 (0.97-1.00)b 
Genitourinary 1.01 (1.00-1.02)b 1.02 (1.01-1.03) 1.01 (0.99-1.02) 
Injuries 1.02 (1.00-1.04)b 0.99 (0.98-1.01) 0.97 (0.96-0.99) 
a Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. The rate ratios describe any relative increases over time in the 
hospital admission rates in a given study area compared to the reference area. CSG is compared against the CM reference group (Column 1) 
and the RA reference group (Column 2). CM is compared against the RA reference group (Column 3). Significant results (p < 0.05) are 
bolded. See Table 6.1 for full International Classification of Diseases chapter headings. 
b Note: The confidence interval includes 1.00; however, this confidence interval is associated with a p-value of < 0.05. 
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As can be seen in Table 6.2 above, there was a significant (1%) increase over time in age-
standardised, all-cause hospitalisation rates in the CSG study area relative to both the CM and RA study 
areas. Age-standardised hospitalisation rates for ‘Blood/immune’ diseases were 8% higher in the CSG 
area over time compared to the CM area, and 5% higher over time compared to the RA area; these 
increases were significant. Similarly, hospitalisation rates due to ‘Eye’ diseases were 4% higher over time 
in the CSG area than the rates in the CM and RA areas (also significant). Other ICD chapters where the 
CSG area had significantly higher rates of hospitalisation over time in the CSG area compared to both 
study areas included ‘Genitourinary’-related diseases. 
Age-standardised hospitalisation rates due to ‘Neoplasms’ were 3% higher in the CSG area over 
time compared to the CM area, but were not significantly different compared to the RA area. During the 
same period, a decrease in these hospitalisation rates occurred in the CM versus RA areas. A significant 
(3%) increase over time was observed for ‘Infectious disease’ hospitalisation rates in the CSG area 
compared to the RA area. A number of additional ICD chapters that showed significant increases in 
hospitalisation rates over time were higher in the CSG area compared only to the CM area. Hospital 
admission rates for diseases of the ‘Ear’ were 4% higher over time in the CSG area compared to the CM 
area. Rates for ‘Skin’ and ‘Musculoskeletal’ diseases and ‘Injuries’ were 6%, 1%, and 2% higher over 
time, respectively, in the CSG area compared to the CM area, and the CM area had rates that were 7%, 
2%, and 3% lower for these outcomes compared to the RA area.  
Finally, certain outcomes showed higher rates of hospitalisation over time in the CSG area 
compared to the RA area, with higher rates of hospitalisation over time in the CM area compared to the 
RA area. ‘Nervous system’-related hospital admission rates were 4% higher over time in the CSG area 
compared to the RA area, and the CM area had a 2% increase in admission rates over time compared to 
the RA area. Likewise, ‘Respiratory’ disease-related hospitalisation rates increased over time in the CSG 
and CM areas compared to the RA area (1% and 2%, respectively). 
3.2 Child and adolescent hospitalisation rates across the study areas 
Hospital admissions for children and adolescents (0-19 year olds) made up 17.60% of all 
admissions over the study time period. For the period 1995-2011, 8.21%, 7.34%, and 2.05% of hospital 
admissions for children and adolescents came from the CSG, CM, and RA study areas, respectively. ‘All-
cause’ hospitalisation rates for each age group (0-4, 5-9, 10-14, and 15-19 years) for each of the study 
areas are shown in Figures 6.2-6.5. 
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Figure 6.2. Age-specific (0-4 years old), all-cause hospitalisation rates per 1,000 for coal seam gas (CSG), 
coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
 
 
Figure 6.3. Age-specific (5-9 years old), all-cause hospitalisation rates per 1,000 for coal seam gas (CSG), 
coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
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Figure 6.4. Age-specific (10-14 years old), all-cause hospitalisation rates per 1,000 for coal seam gas (CSG), 
coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
 
 
Figure 6.5. Age-specific (15-19 years old), all-cause hospitalisation rates per 1,000 for coal seam gas (CSG), 
coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
Negative binomial regression provided the best fit for all of the child and adolescent hospitalisation 
regressions. Increases over time in hospitalisation rates in the CSG study area relative to the CM and RA 
areas (as represented by rate ratios and 95% CI) are shown in Table 6.3 for ‘All-cause’ hospitalisations 
for each age group (as displayed in Figures 6.2-6.5), and for each age group and ICD chapter. 
Only results that were significant as per the strategy outlined in Section 2.3 are shown. 
Hospitalisation rates for each age group of the child/adolescent cohort, for each chapter, are provided in 
full in Appendix K.   
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Table 6.3. Rate ratios (RR) and 95% confidence interval (CI) for hospitalisations in the three environmental 
setting study areas over time (child/adolescent cohort).ab 
 CSG vs CM CSG vs RA CM vs RA 
All-cause    
5-9 yrs ns 1.03 (1.01-1.05) ns 
Neoplasms    
15-19 yrs 1.14 (1.07-1.22) ns ns 
Blood/immune    
5-9 yrs 1.36 (1.01-1.85) 1.59 (1.10-2.30) ns 
Endocrine    
0-4 yrs 1.08 (1.01-1.16) ns ns 
Eye    
5-9 yrs ns 1.19 (1.04-1.37) ns 
Ear    
5-9 yrs 1.05 (1.00-1.10)c 1.07 (1.01-1.13) ns 
10-14 yrs 1.10 (1.03-1.17) 1.10 (1.01-1.19) ns 
Respiratory    
0-4 yrs ns 1.03 (1.01-1.05) ns 
5-9 yrs ns 1.03 (1.00-1.06)c 1.04 (1.01-1.06) 
10-14 yrs ns 1.05 (1.01-1.09) 1.08 (1.04-1.12) 
Digestive    
5-9 yrs 1.05 (1.02-1.08) ns ns 
Skin    
10-14 yrs 1.05 (1.01-1.09) ns ns 
15-19 yrs 1.06 (1.01-1.11) ns 0.95 (0.90-1.00)c 
a Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. Note: The rate ratios describe any relative increases over time 
in the hospital admission rates in a given study area compared to the reference area. CSG is compared against the CM reference group 
(Column 1) and the RA reference group (Column 2). CM is compared against the RA reference group (Column 3). See Table 6.1 for full 
International Classification of Diseases chapter headings. 
b Note: ns = not significant. 
c Note: The confidence interval includes 1.00; however, this confidence interval is associated with a p-value of < 0.05. 
The only age group where increases in hospitalisation rates over time were observed in the CSG 
area relative to other study areas for ‘All-cause’ hospitalisations was the 5-9 year olds. Hospitalisation 
rates due to any cause were 3% higher in the CSG area relative to the RA area over the study period.  
Cause-specific hospitalisation rates by age group are summarised below. 
3.2.1 0-4 year olds 
Rates of hospitalisation due to ‘Endocrine’ diseases were significantly higher (8%) in this age 
group in the CSG area relative to the CM area over time, but there was no difference relative to the RA 
area. Hospitalisation rates for ‘Respiratory’ diseases were 3% higher over time in the CSG study area 
compared to the RA area, but were not significantly different from the CM study area.  
3.2.2 5-9 year olds 
Rates of hospitalisation due to ‘Blood/immune’ diseases increased significantly over time in 5-9 
year olds from the CSG area relative to both the CM and RA areas. Rates were 36% higher than in the 
CM area and 59% higher than in the RA area. Amongst the 5-9 year olds, the two most common 
‘Blood/immune’ diseases were ‘Agranulocytosis’, which made up 61.2% of all ‘Blood/immune’ disease 
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admissions for 5-9 year olds, and ‘Secondary thrombocytopenia’, which made up 19.4% of all 
‘Blood/immune’ disease admissions for 5-9 year olds.  
Similarly, hospitalisation rates due to ‘Ear’ diseases increased by 5% over time in the CSG area 
compared to the CM area and by 7% over time compared to the RA area; these increases were significant. 
The most common ‘Ear’ disease-related admissions for this age group were for ‘Chronic mucoid otitis 
media’, ‘Otitis media, unspecified’, and ‘Chronic serous otitis media’, comprising 31.5%, 17.8%, and 
12.3%, respectively, of all ‘Ear’ disease-related admissions for 5-9 year olds. 
Significant increases in ‘Eye’-related hospitalisation rates occurred in this age group over the study 
period in the CSG study area relative to the RA area (19% higher), but not compared to the CM area. A 
significant increase of 3% in hospitalisation rates due to ‘Respiratory’ diseases was observed in CSG area 
relative to the RA area, but there was no increase relative to the CM area. In addition, rates were higher in 
the CM area than in the RA area. Finally, hospitalisation rates related to ‘Digestive’ diseases increased 
significantly over time in the CSG area relative to the CM area (5% higher), but no differences were 
observed relative to the RA area.  
3.2.3 10-14 year olds 
Significant increases over time were observed in this age group in the CSG study area relative to 
both the CM and RA areas for hospital admission rates due to ‘Ear’ diseases. ‘Ear’ disease-related 
hospitalisation rates were 10% higher over time in the CSG area compared to the CM and RA areas. The 
most common conditions for ‘Ear’ disease-related hospitalisations for 10-14 year olds in the CSG area 
were for ‘Perforation of tympanic membrane, unspecified’, ‘Chronic mucoid otitis media’, and ‘Otitis 
media, unspecified’, with these conditions making up 15%, 12%, and 12%, respectively, of all CSG ‘Ear’ 
disease-related hospital admissions. 
‘Respiratory’ disease hospitalisation rates increased by 5% during the study period in the CSG area 
relative to the RA area, but rates also increased by 8% in the CM area relative to the RA area. There was 
a 5% increase in ‘Skin’ disease-related hospitalisation rates in the CSG area relative to the CM area over 
time, but the rates were not higher relative to the RA area. No other significant increases over time were 
observed.  
3.2.4 15-19 year olds 
Among this age group, there was a 14% higher hospitalisation rate over time due to ‘Neoplasms’ in 
the CSG area relative to the CM area (significant), but there was no difference relative to the RA area. In 
addition, hospitalisation rates due to ‘Skin’ diseases increased by 6% over time in the CSG area compared 
to the CM area, but did not increase significantly compared to rates in the RA area.  
In summary, hospitalisation rates increased significantly over time in the CSG study area relative to 
both the CM and RA areas for ‘Blood/immune’ diseases in 5-9 year olds and for diseases associated with 
the ‘Ear’ in both 5-9 year olds and 10-14 year olds.  
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Significant increases in hospitalisation rates in the CSG area relative only to the CM area were 
found for ‘Neoplasms’ for 15-19 year olds, ‘Endocrine’-related diseases for 0-4 year olds, ‘Digestive’ 
diseases for 5-9 year olds, and ‘Skin’-related diseases for 10-14 year olds and 15-19 year olds, with the 
CM area showing a decreasing trend relative to the RA area for 15-19 year olds. Likewise, hospitalisation 
rates increased significantly over time in the CSG area relative only to the RA area for ‘All-cause’ 
admissions and ‘Eye’-related diseases for 5-9 year olds, as well as for ‘Respiratory’-related diseases for 
0-4 year olds. 
3.3 Adult hospitalisation rates across the study areas 
Hospital admissions for adults (20-64 year olds) comprised 59.58% of all hospital admissions in 
the three study areas for 1995-2011. Over the study period, 28.07%, 24.54%, and 6.96% of hospital 
admissions for adults came from the CSG, CM, and RA study areas, respectively.  
‘All-cause’ hospitalisation rates for each age group (20-34, 35-44, and 45-64 years) are shown in 
Figures 6.6-6.8. 
 
Figure 6.6. Age-specific (20-34 years old), all-cause hospitalisation rates per 1,000 for coal seam gas (CSG), 
coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
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Figure 6.7. Age-specific (35-44 years old), all-cause hospitalisation rates per 1,000 for coal seam gas (CSG), 
coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
 
 
Figure 6.8. Age-specific (45-64 years old), all-cause hospitalisation rates per 1,000 for coal seam gas (CSG), 
coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
Negative binomial regression was confirmed by the Vuong test and goodness of fit tests. Increases 
over time in hospitalisation rates in the CSG study area relative to the CM and RA areas (as represented 
by rate ratios and 95% CI) are shown in Table 6.4 for ‘All-cause’ hospitalisations for each age group, and 
for each age group and ICD chapter. Only the results that were deemed significant as described in the 
strategy outlined in Section 2.3 are shown. The results for each age-group of the adult cohort, for each 
chapter, are provided in full in Appendix K.  
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Table 6.4. Rate ratios (RR) and 95% confidence interval (CI) for hospitalisations in the three study areas 
over time (adult cohort).ab 
 CSG vs CM CSG vs RA CM vs RA 
All-cause    
20-34 yrs 1.02 (1.01-1.03) ns 0.98 (0.97-0.99) 
35-44 yrs 1.02 (1.01-1.03) 1.03 (1.01-1.04) ns 
45-64 yrs ns 1.02 (1.00-1.05)c ns 
Infectious disease    
35-44 yrs ns 1.07 (1.02-1.12) 1.07 (1.02-1.13) 
45-64 yrs 1.12 (1.05-1.20) ns ns 
Neoplasms    
20-34 yrs 1.10 (1.06-1.15) ns 0.94 (0.90-0.99) 
Blood/immune    
45-64 yrs 1.13 (1.07-1.19) 1.10 (1.03-1.17) ns 
Endocrine    
45-64 yrs ns 1.09 (1.04-1.14) 1.08 (1.03-1.13) 
Mental disorders    
35-44 yrs ns 1.05 (1.01-1.09) 1.05 (1.01-1.10) 
45-64 yrs ns 1.05 (1.01-1.10) 1.07 (1.02-1.12) 
Nervous system    
35-44 yrs 1.04 (1.01-1.08) 1.09 (1.05-1.14) 1.04 (1.00-1.09)c 
45-64 yrs ns 1.06 (1.03-1.09) 1.04 (1.02-1.07) 
Eye    
20-34 yrs 1.07 (1.01-1.13) ns ns 
35-44 yrs 1.07 (1.01-1.13) ns ns 
Circulatory    
20-34 yrs ns 1.08 (1.03-1.13) 1.06 (1.01-1.11) 
35-44 yrs ns 1.06 (1.03-1.10) 1.04 (1.01-1.07) 
Respiratory    
35-44 yrs ns 1.06 (1.02-1.10) 1.08 (1.04-1.12) 
Skin    
20-34 yrs 1.05 (1.03-1.08) 0.95 (0.92-0.98) 0.90 (0.87-0.93) 
35-44 yrs 1.10 (1.06-1.14) ns 0.92 (0.88-0.96) 
45-64 yrs 1.09 (1.05-1.13) ns 0.92 (0.89-0.96) 
Musculoskeletal    
35-44 yrs 1.03 (1.01-1.05) ns 0.96 (0.93-0.98) 
Genitourinary    
45-64 yrs 1.01 (1.00-1.03)c ns ns 
Injuries    
20-34 yrs 1.03 (1.00-1.06)c ns 0.96 (0.93-0.99) 
45-64 yrs 1.02 (1.00-1.04)c ns ns 
a Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. Note: The rate ratios describe any relative increases over 
time in the hospital admission rates in a given study area compared to the reference area. CSG is compared against the CM reference 
group (Column 1) and the RA reference group (Column 2). CM is compared against the RA reference group (Column 3). See Table 6.1 
for full International Classification of Diseases chapter headings. 
b Note: ns = not significant. 
c Note: The confidence interval includes 1.00; however, this confidence interval is associated with a p-value of < 0.05. 
 
Analyses confirmed that ‘All-cause’ hospitalisation rates were 2% higher in the CSG area for 20-34 
year olds during the study period relative to the CM area, and rates in CM areas were 2% lower than in 
the RA area. These differences were significant. Hospital admission rates due to any cause increased 
significantly over time in 35-44 year olds living in the CSG area compared with both the CM and RA 
areas (2% and 3% higher, respectively). Among 45-64 year olds, ‘All-cause’ hospitalisation rates were 
2% higher in the CSG area relative to the RA area, but were not significantly different from the CM area. 
Part C: Assessment  Chapter 6: Objective health outcomes 
115 
Cause-specific hospitalisation rates by age group are summarised below. 
3.3.1 20-34 year olds 
Rates of hospitalisation due to ‘Neoplasms’ increased significantly over time (10%) for 20-34 year 
olds in the CSG study area relative only to the CM area, but there was no difference relative to the RA 
area. Additionally, the CM area had a significant decrease in rates of hospitalisation over time due to 
‘Neoplasms’ (6%) compared to the RA area.  
The regression models showed a 7% increase in hospitalisation rates for ‘Eye’-related diseases in 
the CSG area relative only to the CM area, but rates were not significantly different from the RA area. A 
significant increase of 8% in hospitalisation rates due to ‘Circulatory’ diseases was observed in the CSG 
area relative only to the RA area, but there was no increase relative to the CM area. In addition, rates 
increased in the CM area over time compared to the RA area.  
Hospitalisation rates for ‘Skin’-related diseases increased significantly over the study period in the 
CSG area relative only to the CM area (5%); however, these were significantly lower (5%) in the CSG 
area relative to the RA area. Finally, rates of hospitalisation due to ‘Injuries’ in this age group increased 
significantly (3%) in the CSG study area relative only to the CM study area, but there was no difference 
relative to the RA area. The CM area also had a significant decrease in hospitalisation rates compared to 
the RA study area. 
3.3.2 35-44 year olds 
There was a 7% increase in hospitalisation rates over time due to ‘Infectious disease’ for 35-44 
year olds during the study period in the CSG study area relative only to the RA area, but rates also 
increased by 7% in the CM study area relative to the RA study area. Likewise, hospital admission rates 
due to ‘Mental disorders’ increased 5% over the study period in the CSG area relative only to the RA 
area, but rates also showed a 5% increase in the CM area relative to the RA area.  
Significant increases over time were observed in this age group in the CSG study area relative to 
both the CM and RA areas for hospitalisation rates due to ‘Nervous system’ diseases (4% and 9%, 
respectively). In addition, rates increased in the CM area over time compared to the RA area. Rates of 
hospitalisation due to ‘Eye’-related diseases increased 7% over time in the CSG area relative only to the 
CM area, but were not significantly different from the RA area.  
There was a 6% increase in hospitalisation rates due to ‘Circulatory’ disease-related admissions 
over time in the CSG area compared only to the RA area, but the CM area also showed a 4% increase in 
‘Circulatory’ disease-related admission rates over time compared to the RA area. Likewise, the models 
showed a 6% increase in ‘Respiratory’ disease-related admission rates over time compared only to the RA 
area, and an 8% increase in ‘Respiratory’ disease-related admission rates over time in the CM area 
compared to the RA area.  
Hospitalisation rates due to ‘Skin’-related diseases increased 10% over time in the CSG area 
relative only to the CM study area, but there were no differences compared to the RA area. There was also 
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a decrease in hospital admission rates over time in the CM area compared to the RA area (8%). Finally, 
significant increases were observed in the CSG study area relative only to the CM area for hospitalisation 
rates due to ‘Musculoskeletal’ diseases (3%), while the CM area had significant decreases relative to the 
RA area (4%). 
3.3.3 45-64 year olds 
Significant increases over time were observed in this age group in the CSG study area relative to 
both the CM and RA study areas for hospitalisation rates due to ‘Blood/immune’ diseases (13% and 10%, 
respectively). The most common ‘Blood/immune’ conditions for 45-64 year olds in the CSG area were 
‘Anaemia, unspecified’, ‘Iron deficiency anaemia, unspecified’, ‘Thrombocytopenia, unspecified’, and 
‘Aplastic anaemia, unspecified’,  comprising 25.7%, 18.6%, 12.5%, and 4.3% of all ‘Blood/immune’-
related admissions for 45-64 year olds in the CSG area. 
There was a 12% increase in hospitalisation rates for 45-64 year olds due to ‘Infectious disease’ in 
the CSG area relative only to the CM area, but there was no difference relative to the RA area. The CSG 
study area showed a 9% increase in ‘Endocrine’ disease-related admission rates over time compared only 
to the RA area, and the CM area showed an 8% increase in ‘Endocrine’ disease-related admission rates 
over time compared to the RA area. Likewise, the CSG area and the CM area both had significant 
increases in ‘Mental disorders’-related hospitalisation rates over time compared to the RA area (5% and 
7%, respectively).  
Admission rates due to ‘Nervous system’-related diseases increased in the CSG study area relative 
to the RA area (6%) over the study period, but there was no difference relative to the CM study area. In 
addition, rates increased in the CM area relative to the RA area.  
Significant increases were observed in the CSG study area relative to the CM study area for 
hospitalisation rates due to ‘Skin’-related diseases (9%), but there were no differences relative to the RA 
study area. There were significant decreases over time in ‘Skin’-related diseases (8%) in the CM 
compared to the RA areas. There was a 1% increase in rates of hospitalisation due to ‘Genitourinary’ 
disease-related admissions in the CSG area compared to the CM area, but there were no differences 
compared to the RA area. Finally, rates of hospitalisation due to ‘Injuries’ increased in the CSG area over 
time relative to the CM study area (2%), but there were no differences relative to the RA study area. 
In summary, hospitalisation rates increased significantly over time in the CSG area relative to both 
the CM and RA areas for ‘All-cause’ admissions for 35-44 year olds, and for hospitalisations resulting 
from ‘Blood/immune’ diseases for 45-64 year olds. These conditions are identified as most relevant 
according to the strategy outlined in Section 2.3. 
According to the strategy outlined in Section 2.3, the next most relevant conditions are those where 
there were increases in the CSG area relative to the CM area accompanied by decreasing (or non-
significant) trends in the CM area. These included: ‘All-cause’ admissions, ‘Neoplasms’, ‘Injuries’ and 
‘Eye’-related diseases for 20-34 year olds; ‘Eye’-related, ‘Skin’-related, and ‘Musculoskeletal’ diseases 
for 35-44 year olds; and ‘Infectious disease’, ‘Genitourinary’ diseases, ‘Injuries’ and ‘Skin’-related 
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diseases for 45-64 year olds. Finally, ‘All-cause’ admission rates for 45-64 year olds were greater in the 
CSG area relative only to the RA area. These are identified as relevant, but to a lesser extent, according to 
the strategy outlined in Section 2.3. 
4 Discussion  
The research presented in this chapter was exploratory in nature and sought to assess health 
outcomes using hospitalisation data across the three study areas using an ERHI assessment framework. 
The results presented here are preliminary and are intended to guide further research; hence, the study is 
not attempting to provide evidence of causality.  
In order to identify possible health conditions where increases over time in hospitalisation rates due 
to CSG may be expected, the studies reviewed in Chapter 2 were referenced. Potential ERHIs identified 
included respiratory disease, neurological problems, birth defects, cancer, injuries, psychosocial stress, 
cardiovascular outcomes, vector-borne disease, sexually transmitted infections (STIs), and nephrotoxicity 
(Adgate et al., 2014; D. Brown, Lewis, & Weinberger, 2015; Navi et al., 2014; Witter et al., 2011).  
The potential ERHIs identified in Chapter 2 were matched with the ICD chapters where such 
outcomes would appear if a person were to be hospitalised for such conditions. Table 6.5 shows the 
identified ICD chapters for which an increase in hospitalisations over time may be expected due to the 
environmentally-related health hazard impact potential of UNGD. Also shown in Table 6.5 are the 
chapters for which an increase in hospitalisation rates over time in the CSG area compared to the CM or 
RA areas were observed during the study period in order to compare the results found here to the 
potential ERHIs identified in the literature. Because of the scarcity of previously published data 
(generally, but specifically within Australia), it was considered important to examine changes over time 
in hospitalisations for all ICD chapters, not just those suggested in previous literature. 
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Table 6.5. Potential health outcomes associated with UNGD and corresponding ICD chapters from the 
literature alongside the observed outcomes for the CSG study area as discussed in the results of 
this chapter.a 
Potential outcomeb ICD chapter 
Observed outcome 
(age-standardised)c 
Observed outcome 
(any age group)c 
STIs 
Infectious 
disease 
X (‘Infectious 
disease’ ICD 
chapter) 
X (‘Infectious 
disease’ ICD 
chapter) 
Vector-borne disease 
Infectious 
disease 
X (‘Infectious 
disease’ ICD 
chapter) 
X (‘Infectious 
disease’ ICD 
chapter) 
Cancer Neoplasms X X 
Mental health 
Mental 
disorders 
  
Neurological/nervous system Nervous system   
Noise-related outcomes Ear X X 
Cardiovascular 
disease/hypertension 
Circulatory   
Respiratory outcomes Respiratory  X 
Nephrotoxicity Genitourinary 
X (‘Genitourinary’ 
ICD chapter) 
X (‘Genitourinary’ 
ICD chapter) 
Impaired fertility Genitourinary 
X (‘Genitourinary’ 
ICD chapter) 
X (‘Genitourinary’ 
ICD chapter) 
Perinatal outcomes Perinatal   
Birth defects Congenital   
Injuries Injuries X X 
 All-cause X X 
 Blood/immune X X 
 Endocrine  X 
 Eye X X 
 Digestive  X 
 Skin X X 
 Musculoskeletal X X 
a Note: CSG = coal seam gas; ICD = International Classification of Diseases; and UNGD = unconventional natural gas development. 
b Note: Potential health outcomes identified in the literature (Chapter 2). 
c Note: Health outcomes identified in this chapter, where the CSG study area presented increases in hospitalisation rates over time 
relative to the CM and/or RA areas. 
 
A number of additional potential ERHIs were identified in the literature, including fluorosis (Navi 
et al., 2014) and dermatological symptoms (Adgate et al., 2014); however, these were not included in 
Table 6.5. They were either specific codes within the chapters, which placed them outside the scope of 
this work, or would most likely fall within a group for which a person would not be admitted to hospital, 
as with many of the other symptoms that have been reported (e.g., eye irritation, headaches, nosebleeds). 
STIs have been previously identified in the literature; however, they have most likely arisen due to 
changes in social structures in the communities (briefly discussed in the Introduction) rather than to an 
ERHI. Additionally, while important to examine in the future, primary diagnoses within the ‘Injuries’ 
ICD chapter are not typically related to environmentally-related health impacts, so this ICD chapter will 
not be a focus of the discussion. 
4.1 Health outcomes in all-ages 
The results presented in this chapter showed that CSG area hospitalisation rates due to any cause 
increased significantly during the study period compared to both the CM and RA areas. Very few UNGD-
related studies have examined hospitalisation rates. One study examined all-age hospitalisation rates for 
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all-cause admissions across four counties with varying degrees of UNGD in the USA (Coons & Walker, 
2008). Garfield County, the county with the highest level of UNGD, had the lowest or second lowest rate 
of all-cause hospitalisations; however, this was over a 6.25-year study period (Coons & Walker, 2008), 
compared to the 17-year period used in this thesis. 
Comparing the age-standardised hospitalisation rates where significant increases over time 
occurred in the CSG area relative to the CM or RA areas with the potential changes that might be 
expected as identified in the previous literature (Table 6.5), ‘Infectious disease’, ‘Neoplasms’, ‘Ear’-
related outcomes, ‘Genitourinary’-related outcomes, and ‘Injuries’ were referenced in the literature as 
potential health outcomes. The estimates for a number of these outcomes (‘Neoplasms’, ‘Ear’, and 
‘Injuries’) showed hospitalisation rates increased over time in the CSG area compared only to the CM 
area, and estimates for ‘Infectious disease’-related outcomes increased over time in the CSG area 
compared only to the RA area. Therefore, these were not the strongest observations noted for all-age 
hospitalisation rates because increases over time occurred in the CSG area relative only to the CM area 
and not to the RA area or vice versa. However, ‘Genitourinary’-related hospital admission rates increased 
in the CSG area compared to the CM and RA study areas over time, with modest estimates. 
Although ‘Genitourinary’-related hospital admission rates were found to increase in the CSG area 
compared to both study areas, there are few studies that have actually discussed such outcomes. Navi et 
al. (2014) raised issues about health outcomes that would fall in this ICD chapter; however, the discussion 
was general and such health outcomes were not actually studied in the context of UNGD. There are 
concerns surrounding leaching of toxic organics from coal deposits into water and the potential for 
nephrotoxicity (Navi et al., 2014), but this has only been studied in areas where Balkan Endemic 
Nephropathy is present, as well as certain areas in the United States (Feder et al., 2002; Finkelman et al., 
2002; Orem, Tatu, Lerch, et al., 2007; Orem et al., 2014). Sub-chapters within this ICD chapter would 
have to be examined further to determine if there are increases for certain outcomes. 
The ‘Infectious disease’ ICD chapter includes ‘Certain zoonotic bacterial diseases’, ‘Infections 
with a predominantly sexual mode of transmission’, ‘Arthropod-borne viral fevers’, and ‘Rickettsioses’, 
amongst others. As outlined in Chapter 2, vector-borne disease has been discussed in terms of UNGD and 
increasing water bodies (Zou et al., 2006). Increases in rates of STIs have also been discussed in terms of 
impacts as a result of UNGD (Coons & Walker, 2008; Goldenberg, Shoveller, Koehoorn, & Ostry, 2008; 
Witter et al., 2013; Witter et al., 2011). However, the results presented here need to be examined further 
by sub-chapters within the main ICD chapter headings to determine what type of admissions show this 
increasing trend and if there are increasing trends for certain age groups. 
Sub-chapters within the ‘Ear’ disease-related ICD chapter include ‘Diseases of external ear’, 
‘Diseases of middle ear and mastoid’, ‘Diseases of inner ear’, and ‘Other disorders of ear’. UNGD 
studies have discussed health impacts in terms of ear-related symptoms that residents have reported (e.g., 
ringing in the ears, hearing loss) (Steinzor et al., 2013; Subra, 2009, 2010), potential impacts associated 
with noise pollution (Adgate et al., 2014; Witter et al., 2013), or noise/nuisance issues (Ferrar et al., 2013; 
Korfmacher et al., 2014). Some studies have pointed out that UNGD can generate additional noise due to 
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truck traffic and heavy equipment, compressor stations, construction activities, and drilling and 
completion operations (Adgate et al., 2014; Ferrar et al., 2013; Lechtenböhmer et al., 2011; University of 
Maryland, 2014; Witter et al., 2013), but there are no epidemiological studies that have examined health 
outcomes associated with noise resulting from UNGD (University of Maryland, 2014). 
Potential impacts associated with environmental noise include cardiovascular health impacts, sleep 
disturbance, fatigue, changes in levels of annoyance, stress, headaches, and impacts on children’s 
cognitive performance (enHealth, 2004; Stansfeld & Matheson, 2003; University of Maryland, 2014; 
Witter et al., 2013). Such impacts may not necessarily manifest as hospital admissions within the ‘Ear’ 
disease-related ICD chapter and may not be severe enough for a person to present to hospital for 
admission. 
While ‘Neoplasms’ admission rates increased over time in the CSG area compared to the CM area, 
it is difficult to draw any conclusions with respect to possible changes in environmental exposures due to 
the fact that neoplasm trends typically reflect events 10-20 years prior to manifestation and/or are due to 
cumulative lifetime exposures (Coons & Walker, 2008). It should be noted that any short-term trends 
might not be reflective of changes in the environmentally-related health hazard impact potential of CSG 
development. Changes in the rate of hospitalisation for ‘Neoplasms’ can also be an artefact of changes in 
screening practices (Coons & Walker, 2008); therefore, the noted differences or similarities between the 
CSG and CM or RA areas could be due to changes in health services, or they could be due to other factors 
that were not explored here.  
Likewise, in examining CSG production as discussed in the Introduction, lag periods must be 
considered for any ‘Neoplasms’-related diagnoses. CSG production and well development activity only 
began a consistent increase in 2005/2006 (as shown in Figure 6.9), with both CSG production and well 
development activity showing a similar pattern. Considering a very conservative lag period of four years 
(Goldstein & Malone, 2013) means that the ‘Neoplasms’ data presented here could only be reflective of 
any changes after this period, with manifestation of disease after 2009/2010, if the ‘Neoplasm’-related 
diagnoses are related to any exposures associated with CSG development. However, considering typical 
lag periods, it is likely that such diagnoses would appear after the end of this study time period (post-
2011). 
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Figure 6.9. Queensland coal seam gas (CSG) production and well development over the study period 
(1995-2011). 
Stronger evidence was observed for all-ages health consequences related to ‘Blood/immune’ and 
‘Eye’ diseases. Increases during the study period in hospitalisations due to these conditions were 
significantly higher in the CSG area compared to both the CM and RA areas. None of these categories 
were identified in the literature as potential health concerns due to UNGD. All-age RR estimates were 
greatest for ‘Blood/immune’ disease-related admissions in the CSG area; however, over the total study 
period in each area, ‘Blood/immune’ admissions accounted for only 1.01%, 0.52%, and 0.79% of each 
area’s respective total admissions for the CSG, CM, and RA areas. 
It is difficult to compare these results with those discussed in previous literature. In the study by 
Coons & Walker (2008), diagnostic-related groupings (DRG) were used to classify hospital admissions, 
whereas ICD coding was used in the current programme of work, so the results are not comparable across 
all categories. For example, Coons and Walker have no equivalent for the ‘Blood/immune’ category used 
here, only a ‘Red cell/clotting’ DRG category, which showed that Garfield County’s rates decreased 
steadily over time. This contradicts the ‘Blood/immune’ disease findings presented in this chapter.  
Diseases from this ICD chapter (e.g., anaemia and other blood disorders) have been discussed in 
the UNGD literature in relation to worker health and exposure to benzene, toluene, ethylbenzene, and 
xylene (Adgate et al., 2014); however, discussion is lacking in terms of community health. Generally, 
long-term exposure to benzene most often affects the blood and the immune system (Agency for Toxic 
Substances and Disease Registry, 2007), for which such outcomes are found in the ‘Blood/immune’ 
chapter. The most common route of exposure is through inhalation, typically through air contaminated by 
motor vehicle emissions and industrial use, as well as cigarette smoke (Leusch & Bartkow, 2010). While 
benzene, toluene, ethylbenzene, and xylene compounds are naturally occurring and can be found in some 
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water sources, the Queensland Government now has laws in place that ban the use of such compounds in 
hydraulic fracturing fluids (Queensland Government, 2013i). 
Likewise, hospitalisation rates for diseases of the eye were lowest in Garfield County amongst all 
age groups (Coons & Walker, 2008), which is also in contrast to the results presented here. Sub-chapters 
within the ‘Eye’ ICD chapter include ‘Disorders of the eyelid, lacrimal system and orbit’, ‘Disorders of 
conjunctiva’, ‘Disorders of lens’, ‘Glaucoma’, ‘Disorders of vitreous body and globe’, and ‘Visual 
disturbances and blindness’, amongst others. Several studies have raised the issue of eye-related 
symptoms, such as burning, irritation or itching, associated with UNGD (Rabinowitz et al., 2015; 
Steinzor et al., 2013; Subra, 2009, 2010; University of Maryland, 2014). However, these studies have 
discussed outcomes in terms of self-reported symptoms. In discussing UNGD operations, Brown et al. 
(2015) noted that short-term exposure to volatile organic compounds can irritate the eyes, and exposure to 
diesel emissions can also cause eye irritation. The data presented here would capture the most severe 
cases rather than residents reporting the symptoms that have typically been discussed in the literature. 
Colborn et al. (2011) assessed chemicals used in UNGD operations and found that more than 75% 
of the chemicals assessed can affect sensory organs. Likewise, 40% of chemicals can affect the immune 
system and 46% can have possible health effects on the cardiovascular system and blood (Colborn et al., 
2011). Steinzor et al. (2013) conducted air quality testing to analyse chemicals present near the homes of 
residents who reported symptoms, noting the presence of 17 chemicals that could affect vision/eyes 
(Steinzor et al., 2013). However, it must be noted that these analyses focused on chemicals used in 
UNGD operations in the United States, which also includes shale gas.  
4.2 Health outcomes in children 
Specific to studies focused on children’s health and UNGD, a small number of studies have 
examined birth outcomes (Hill, 2012; McKenzie et al., 2014) or childhood cancer (Fryzek et al., 2013) in 
the USA. The study by Coons and Walker (2008) also separated out the children’s cohort for hospital 
admissions. There is a gap in age-specific data examining ERHIs associated with UNGD, with numerous 
studies raising issues around children’s health and UNGD, including their vulnerability compared to 
adults, lack of data on this cohort, and issues with development moving in closer proximity to schools and 
residential areas (D. Brown et al., 2015; Finkel, Hays, et al., 2013; Lauver, 2012; Witter et al., 2008a). 
For the data presented in this chapter, the strongest effects in the children’s cohort were for 
hospitalisations due to ‘Blood/immune’ diseases for 5-9 year olds and ‘Ear’ diseases for 5-9 and 10-14 
year olds. For these conditions, significant increases in admission rates were noted in the CSG area during 
the study period compared to the CM and RA areas. To a lesser extent, ‘All-cause’, ‘Neoplasms’, 
‘Endocrine’, ‘Eye’, ‘Respiratory’, ‘Digestive’, and ‘Skin’ diseases are of concern – higher rates were 
observed for these conditions in the CSG area relative to either the CM or RA areas. While three of these 
conditions have been identified as potential ERHIs in the previous literature (‘Neoplasms’, ‘Ear’, and 
‘Respiratory’ diseases, shown in Table 6.5), ‘Blood/immune’, ‘Endocrine’, ‘Digestive’, and ‘Skin’ 
diseases were not.  
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There are few studies specific to children’s health in relation to UNGD. A small number of studies 
have examined birth defects in the USA (Coons & Walker, 2008; Hill, 2012; McKenzie et al., 2014). In 
this thesis, neither the ‘Perinatal’ nor ‘Congenital’ ICD chapters showed significant increases in the CSG 
area compared to the CM and/or RA areas. Fryzek et al. (2013) examined childhood cancer incidence in 
Pennsylvania before and after hydraulic fracturing, using standardised incidence ratios, and noted that 
total number of cancers observed, as well as childhood leukaemia, were close to the numbers expected 
before drilling and after drilling. 
Coons and Walker (2008) examined specific conditions within the ‘Ear, nose, throat, and 
respiratory’ DRG category for children and found that Garfield County had the highest rate for otitis 
media, upper respiratory infections, bronchitis, and asthma in children, while the county had the lowest 
rates for other respiratory infections or inflammations in children. These diagnoses would fall under 
specific ICD codes. Various diagnoses related to otitis media made up the majority of ‘Ear’ disease-
related admissions for 5-9 and 10-14 year olds in the CSG area. Additionally, admissions for children in 
the ‘Endocrine/metabolic’ DRG category showed that Garfield County did not have rates that differed 
from those of other counties with lower levels of UNGD and that admissions for children in the ‘Eye’ 
DRG category were lowest in Garfield County (Coons & Walker, 2008).  
Within the ‘Ear’ disease-related ICD chapter, the most common primary diagnoses for the 10-14 
year old age group were for tympanic membrane perforation or various forms of otitis media. The former 
can be caused by injury, infection, or chronic Eustachian tube disorders (American Academy of 
Otolaryngology, 2015), while the latter is a common childhood infection (Rovers, Schilder, Zielhuis, & 
Rosenfeld, 2004). While children are more at risk for being vulnerable to the effects of noise, including 
the non-auditory health effects of noise (Stansfeld & Matheson, 2003; van Kamp & Davies, 2013), this 
would not account for the increases in ‘Ear’ disease-related outcomes presented here, which are likely 
due to factors other than environmental noise.  
While studies based in the USA have suggested the potential for respiratory effects or residents 
have reported respiratory symptoms believed to be associated with UNGD (Adgate et al., 2014; 
McKenzie et al., 2012; Rabinowitz et al., 2015), the results presented here show that higher rates of 
hospitalisation (as per the strategy) due to ‘Respiratory’ diseases in the CSG area relative to other study 
areas occurred only in children aged 0-4 year olds. The higher rates of hospitalisation due to ‘Respiratory’ 
diseases were higher in the CSG area compared only to the RA area. While other age groups in this 
cohort showed increasing rates of admission in the CSG area compared to the RA area, there were also 
increasing rates of hospitalisation in the CM area compared to the RA area. The human health risk 
assessment conducted by McKenzie et al. (2012) was specific to adults and did not include children-
specific estimates.  
4.3 Health outcomes in adults 
As with children’s health, there are few previous studies that have focused on adult health and 
hospitalisation rates in UNGD areas. In the data presented here, the strongest observed effects were for 
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‘All-cause’ and ‘Blood/immune’ diseases, where significantly higher rates over time were observed in the 
CSG area compared to both the CM and RA areas. To a lesser extent, ‘Infectious disease’, ‘Neoplasms’, 
‘Eye’, ‘Skin’, ‘Musculoskeletal’, ‘Genitourinary’ diseases, and ‘Injuries’ are of concern – higher rates 
were observed for these conditions in the CSG area relative to either the CM or RA areas (but not both). 
As in Table 6.5, some of the results observed in the current programme of work aligned with the expected 
results based on previous literature regarding potential ERHIs associated with UNGD. These chapters 
included: ‘Infectious disease’, ‘Neoplasms’, ‘Genitourinary’ disease, and ‘Injuries’.  
Again, little data exists on many of these ICD chapters, including ‘Blood/immune’ disease impacts, 
associated with UNGD. The only study that examined similar admissions to hospital was the study by 
Coons and Walker (2008), where the ‘Red cell/clotting’ DRG category was examined. Garfield County 
rates in this DRG category declined steadily over the six-year period, which is in contrast to the results 
presented here, where ‘Blood/immune’ disease admissions increased significantly over time in the CSG 
area compared to both the CM and RA areas for all-ages, as well as for certain age groups. The 
‘Blood/immune’ disease chapter includes broader sub-chapters such as ‘Nutritional anaemias’, 
‘Haemolytic anaemias’, ‘Aplastic and other anaemias’, ‘Coagulation defects’, and ‘Certain disorders 
involving the immune mechanism’. Diseases within this chapter have been discussed in the context of 
UNGD literature in Section 4.1 above. Likewise, a number of other ICD chapters have already been 
discussed (‘Infectious disease’, ‘Neoplasms’, and ‘Genitourinary’-related diseases). 
As with rates of admission in the ‘Eye’ DRG category for children, Garfield County also had the 
lowest rates amongst adults (Coons & Walker, 2008), whereas the results presented here showed 
increases in certain adult age groups in the CSG area relative to the CM area. Likewise, admissions in the 
‘Gastrointestinal/urinary’ and ‘Musculoskeletal’ DRG groupings showed that Garfield County had either 
the lowest rates or similar rates compared to the other counties, whereas the rates were found to be higher 
in the CSG area for both ‘Genitourinary’ and ‘Musculoskeletal’ diseases relative to the CM area. While 
admissions for the ‘Accident, injury, trauma’ DRG category showed increasing hospitalisation rates for 
adults, the rates were lower than for two of the three comparative counties (Coons & Walker, 2008), 
which is also in contrast to the findings presented here, in particular, with respect to CSG area rates 
compared with CM area rates. 
4.4 Reported symptoms versus hospital admissions for certain conditions 
As discussed in Chapter 2, environmentally-related health studies in relation to CSG are generally 
lacking, particularly in Queensland. The study conducted by Queensland Health found that complaints 
were generally of low clinical severity and that there have not been any hospital admissions reported; 
symptoms were only reported for 46 people who made use of the government hotline (Queensland 
Government, 2013d). It was noted that there may be underreporting of complaint data, which is not 
surprising, and that the reported symptoms did not show any unique pattern within the Tara region over 
what would be expected (Queensland Government, 2013d).  
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While it is difficult to make comparisons with the health complaints investigated in the clinical 
portion of the study, as these are reported symptoms as opposed to conditions for which a person would 
be admitted to hospital, the most prevalent symptoms documented in the Queensland Health report 
included headaches, transient eye irritation, nosebleeds, and skin rashes, which are typically common 
medical complaints (Queensland Government, 2013d). Other symptoms, such as eye irritation, as well as 
central nervous system (e.g., dizziness, fainting, headaches), dermatological (e.g., blisters, rashes, sores), 
digestive (e.g., diarrhoea, nausea, stomach pain), and respiratory (e.g., burning nose, nosebleeds, sinus 
congestion, sore throat) symptoms, have been echoed elsewhere in the USA (D. Brown et al., 2015; 
Ferrar et al., 2013; Saberi, 2013; Saberi et al., 2014; Steinzor et al., 2013; Witter et al., 2011). While 
Chapter 5 showed that these symptoms were self-reported by CSG area respondents, a higher proportion 
of the CSG area respondents did not report experiencing a greater number of symptoms within any of the 
symptom groupings compared to the CM or RA areas. 
Brown et al. (2015) subsequently grouped reported health impacts of UNGD into categories, 
including: behavioural/mood/stress, birth outcomes, cancer risk, dermal, ear/nose/mouth/throat, eye, 
gastrointestinal, high blood pressure, muscle/joint pain, neurological, and respiratory. Many of these 
groupings align with the ICD chapters that were previously matched to potential ERHIs of UNGD shown 
in Table 6.5. Such reported symptoms or health outcomes could potentially be picked up in hospital 
admissions data, depending on the specific condition, the severity, and whether the symptoms required 
hospital admission; however, it would be expected that the severity may not be great for said symptoms, 
so most residents would most likely see their general practitioner for such concerns. 
4.5 Limitations 
The objective health outcomes element of the work has several limitations due to the data available. 
The data presented here are not being inferred to individuals; rather, the three environmental settings are 
being assessed within the larger groups represented by the selected study areas. While individual-level 
hospital data were provided, the data were grouped according to the broad SLA groupings categorised as 
CSG, CM, or RA, which served as a proxy for unmeasured environmental exposures. This 
characterisation may limit the interpretation in the context of the environmental settings and given 
exposures. Hospitalisation rates over time were compared across three study areas, to determine whether 
any increases in rates occurred in the CSG area relative to the CM or RA areas. Grouping of data by these 
three areas limited analyses of the data; however, this was the lowest level of aggregation allowed by 
Queensland Health due to confidentiality concerns. Therefore, it is uncertain whether the results differ 
with different spatial units. It should be noted that the significant increases in hospital admissions over 
time that were presented in this component of the work were modest, with rate ratios that were generally 
small and confidence intervals that were generally very narrow. 
In the context of interpreting the results, it must be acknowledged that the available evidence base 
on which to compare these results is limited and, as discussed in Chapter 2, many of the studies that do 
exist lack methodological rigour. This limits the ability to fully put the results into the context of CSG 
development but guides future research in this area. 
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Adjustments for multiple testing were not made, which is not necessarily considered a limitation by 
some. There are differing viewpoints on how to adjust for multiple testing, if at all. For example, 
exploratory studies that are meant to generate hypotheses do not require adjustments, and results should 
then be confirmed in subsequent confirmatory studies (Bender & Lange, 2001; Saville, 1990; Schochet, 
2009). Likewise, others suggest no adjustments should be used, rather, all of the results should be 
presented so that future research can prove or disprove the findings (Rothman, 1990; Saville, 1990). 
However, it is acknowledged that multiple testing adjustments could have been made so that there could 
be an assessment of the extent to which significant observations arose by chance. 
The research presented in this chapter lacks individual-level data on environmental factors and 
other relevant confounders. It is recognised that there will most likely be variation in exposure levels 
within the study areas because residents may live closer or farther away from CSG and coal mining 
operations. For example, it cannot be assumed that individuals presenting at hospital in the CSG area 
were exposed to CSG activities, nor can it be assumed that all individuals presenting at hospital in the 
CM area were exposed to the same levels of coal mining-related activities. Other changes could explain 
the differences that were observed, including changes in demography, in and out migration of the 
population, and changes in employment activities, amongst others. In addition, the hospital admissions 
data presented here were not linked in any way to the data from respondents who participated in the self-
reported health component. 
The use of hospital admissions data represents the highest level of morbidity data available, 
meaning that any data below this, such as general practitioner or Emergency Department visits, were not 
accounted for. Use of routinely collected health data, such as hospital admissions, has strengths, but also 
has weaknesses (as discussed in Chapter 4, Section 2.2.2). It is assumed that the data have been recorded 
in a consistent and unbiased way; however, it is hard to determine if this is the case over 17 years, in 
multiple hospitals and across numerous employees. In addition, there is a lack of data on the percentage 
of people who do not seek health care in the three study areas, so it is likely that the true rates are 
underestimated.  
As noted in the discussion on ‘Neoplasms’, changes in screening practices may affect changes in 
rates over time. Changes in any of the hospitalisation rates presented in this chapter could be due to 
service changes for a number of outcomes (e.g., diabetes, pneumonia) (Lazzarini, O’Rourke, Russell, 
Derhy, & Kamp, 2015; Trotter, Stuart, George, & Miller, 2008), changes in laws or medical technology 
(Rosenberg, 1997), coding changes (Knight, Halech, Martin, & Mortimer, 2011; Roberts et al., 1998; 
Trotter et al., 2008), or a mixture of these factors (Trotter et al., 2008). So, the observed changes could be 
due to any of these changes, which have not been explored here. Some of these factors could also explain 
increases in rates prior to expanded CSG development. 
Admissions data were obtained solely on residents living in each study area to avoid obtaining data 
on residents living outside of each area or as part of the transient workforce; however, repeat admissions 
were included in this dataset. While data were selected in this manner, this does not mean that those who 
are members of the non-resident workforce were excluded entirely, as some data may depend on a 
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worker’s interpretation of the term ‘usual residence’ (Australian Bureau of Statistics, 2003, 2012). 
Therefore, rates could be underestimated for the three study areas, but it is also important to consider to 
what degree the findings are driven by any occupational exposures. Additionally, data are lacking on the 
impact that fly-in, fly-out workers have on health services (Erny-Albrecht, Brown, Raven, & Bywood, 
2014), although one study noted that non-resident workers can significantly impact on the use of these 
services, with up to 30% of presentations coming from non-residents (Constantine & Battye, 2013). 
However, this may not apply to all communities with a higher proportion of fly-in, fly-out workers.  
A resident could have been admitted for the same primary diagnosis on more than one occasion 
within the same year and, while it has been suggested that community-specific analyses be conducted by 
including home address postcodes and diagnoses for each patient (Erny-Albrecht et al., 2014), this was 
not done nor were unique identifiers assigned to each admission due to confidentiality. Residents could 
have moved from one area to another or moved out of the area entirely at some point during the study 
period, which could result in measurement errors. 
Additionally, the breakdown in population statistics shows that the RA area has a three-fold 
increase in the percentage of Indigenous residents over the CSG and CM areas. Indigenous Australians 
have one of the highest levels of health inequality compared to other Indigenous groups (M. Walter & 
Saggers, 2007). Indigenous Australians experience a disproportionate level of chronic diseases compared 
to non-Indigenous Australians (Thompson, Chenhall, & Brimblecombe, 2013). Considering this, and the 
difference in demographics between the three areas, it could be expected that hospitalisation rates for 
certain outcomes might be higher in the RA area than in either the CSG or CM areas.  
4.6 Recommendations 
This study is the first of its kind in Australia, to the author’s knowledge. It is intentionally 
exploratory in nature. Data presented in this chapter do not allow conclusions that CSG is a cause of any 
of the increased hospitalisation rates that have been reported; rather, the results suggest areas that should 
be explored further with more sophisticated study designs, as well as individual-level data. 
The hospital admissions data should be examined in conjunction with data on CSG wells 
(Chapter 7) to determine if the observed increases in hospitalisation rates are associated with increases in 
monthly CSG rates over time, using a well category variable. Specific ICD sub-chapters or ICD codes 
should also be examined, assuming sufficient sample sizes, to further examine the rate breakdowns within 
some of the main ICD chapters. Gender-specific and age by gender-specific rates should also be included 
in future analyses to determine if gender plays a role in any of the specific admissions within any of the 
study areas. An additional next step is also taking into account any relevant confounders, which were not 
included in these analyses as noted in Section 4.5. Due to the lack of individual-level data, any covariates 
included in adjusted models would have to be ecological adjustments for demographic and socioeconomic 
factors, where available for the given time period and geographic groupings (if applied to this dataset).  
It is also important to better understand any potential mechanisms of effect, as well as cumulative 
effects of chemical and non-chemical stressors, for outcomes where there were higher estimates in the 
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CSG area compared to the CM and RA areas (e.g., ‘Blood/immune’ and ‘Ear’ diseases) to determine if it 
is plausible for such outcomes to result from exposures related to CSG development.  
Beyond that, ideally, the next steps should include higher resolution data in the study areas, not just 
data grouped according to these broader groupings of SLAs (if accessible). The data, such as general 
practitioner data, should be coupled with available environmental monitoring data to begin to link some 
exposure information to the health data. In considering the extent that occupational exposures contribute 
to what is reported in terms of admission rates, it would also be useful to include data on the working 
population within a given area (if such data are accessible for a given time period and area), which would 
allow for better understanding of populations that have a high proportion of fly-in, fly-out workers. It 
would also be ideal to use the aforementioned data to compare the study areas to more urban areas (e.g., 
Brisbane). Additionally, increases in hospitalisation rates in the CM area were observed compared to 
those in the RA area, as well as the CSG area. This means that rates of certain health outcomes (e.g., 
‘Mental disorders’ for 15-19 year olds, ‘Pregnancy’ for 10-14 year olds, ‘Endocrine’ diseases for 35-44 
year olds) were higher in the CM area and, while not the focus of the current study, could be explored 
further. 
5 Conclusion 
In summary, these findings suggest an increase in hospitalisation rates over time for some broad 
primary diagnoses by ICD chapter for CSG areas compared to the alternative environmental settings. Rate 
increases were greatest for ‘Blood/immune’ diseases for 5-9 year olds in the CSG area compared to the 
RA area, with the CSG area having 59% more admissions over time compared to the RA area. Examining 
the significant results found here along with CSG well data should be the next step to determine if any of 
the increasing rates are significant in relation to gas well development activity. Subsequently, adjusting 
for covariates in models and analysing specific sub-chapters (given sufficient sample sizes) within the 
main ICD chapter headings are important next steps for delving deeper into the relationships found here. 
The results from this study suggest areas for further exploration and are not intended to prove causality. 
Hospital data is only one part of the bigger picture as not all residents who may be experiencing potential 
ERHIs will go to the hospital to be admitted for diagnosis. 
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Chapter 7:    
CSG well development activity and evidence of CSG health 
impact 
Evidence of health outcomes, as measured through hospitalisation rates in conjunction with gas 
well development activity in the CSG area, are presented in this chapter. In Chapter 6, health outcomes 
across the three study areas within the ‘Assessment’ part of the ERHI assessment were examined. This 
was to determine whether hospitalisation rates in the primary environmental setting of coal seam gas 
(CSG) indicated more detriment when measured against the hospitalisation rates of the alternative coal 
mining (CM) setting and/or the alternative rural/agricultural (RA) setting over time (1995-2011).  
In this chapter, temporal trends in the CSG area relative to the level of CSG well development 
activity are assessed to present evidence of health outcomes (as measured through hospitalisation rates in 
conjunction with CSG well development activity).  
8 
1 Introduction 
In the previous chapter, a number of health conditions (identified via International Classification of 
Diseases (ICD) chapters) were identified for which hospitalisation rates had increased in the CSG study 
area over time, compared to both the CM and RA study areas. These effects were seen within all-age 
admissions, and effects were also observed specifically for the child/adolescent (0-19 year olds) or adult 
(20-64 year olds) cohorts. An increase in hospitalisation rates due to any condition was observed for all-
age admissions, and effects were also observed for all-age admissions in ‘Blood/immune’ diseases and 
‘Eye’ diseases. Within the child/adolescent cohort, the strongest observed effects were for 
‘Blood/immune’ diseases for 5-9 year olds and ‘Ear’ diseases for 5-9 and 10-14 year olds. Within the 
adult cohort, increases in hospitalisation rates due to any condition were observed for 45-64 year olds, 
                                                     
8 Note: CSG = coal seam gas. 
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and an increase in hospitalisation rates due to ‘Blood/immune’ diseases was also observed for this age 
group.  
Only one study has been published in which health consequences of unconventional natural gas 
development (UNGD) have been examined using hospital admissions data in conjunction with 
comparative study areas. The study was conducted in Colorado and used four counties with varying levels 
of UNGD (Coons & Walker, 2008). Some studies have also examined proximity to UNGD and potential 
health outcomes, such as birth defects (Hill, 2012; McKenzie et al., 2014), or areas ‘before’ and ‘after’ 
hydraulic fracturing and potential health outcomes (i.e., childhood cancer) (Fryzek et al., 2013). While a 
small number of studies such as these exist, Saberi et al. (2014) have noted that more environmental, 
clinical, and epidemiological studies are needed to understand associations between UNGD and health 
outcomes, as well as residents’ perception of risk. 
2 Mapping the health outcomes to the environmental proxy 
The methods presented in this chapter were used to match the environmental indicator (CSG well 
count as a proxy for CSG well development activity) to the health outcomes for which there were 
increases over time observed in the CSG areas relative to the other two study areas in Chapter 6.  
2.1 The primary environmental setting (CSG) and the corresponding geographic 
area 
The selection of the environmental settings and of the geographic areas that were matched to these 
settings was discussed in Chapter 1, Section 3 and in Chapter 3, Sections 1 and 2. The study sites were 
grouped according to aggregations of Statistical Local Areas (SLAs) rather than in accordance with 
smaller defined areas, such as postcodes, due to certain constraints in obtaining data, mainly related to 
privacy concerns and smaller population counts in the RA area.  
There were approximately 45,802 residents in the CSG area as of 2011, with a median age of 36.4 
years old (Queensland Government, 2014c). Indigenous persons represented approximately 5.3% of the 
CSG area population (Queensland Government, 2014c). 
2.2 Evidence gathered to assess health outcomes with the environmental proxy 
Health evidence was assessed along with the environmental proxy. The health evidence focused 
only on the CSG area (i.e., hospitalisation rates in the CSG area) and the environmental proxy made use 
of the selected environmental indicator for CSG development (i.e., monthly well counts) to determine the 
level of CSG well development activity. Details of health evidence, as well as the environmental proxy 
and the corresponding analyses, are provided below. 
2.2.1 Health evidence 
As with Chapter 6, population data were matched to the hospital admissions data provided by 
Queensland Health (Chapter 4, Section 2.2.2) so that accurate hospitalisation rates could be calculated. 
Estimated resident population (ERP) data for the CSG area were obtained from the Australian Bureau of 
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Statistics (ABS) for every calendar year (1995-2011). This was divided by 12 to obtain an estimate of 
monthly population counts. Monthly hospital admissions data were provided by Queensland Health for 
the same area, for the duration of the study period to calculate monthly hospitalisation rates to align with 
monthly well data. Details on obtaining population data were outlined in Chapter 3, Section 3.  
Hospitalisation rates per 1,000 persons were calculated for each month of each calendar year of the 
study period. The following rates were calculated:  
 all-age, all-cause rates;  
 all-age, cause-specific rates;  
 age-specific, all-cause rates; and  
 age-specific, cause-specific rates. 
2.2.2 The environmental proxy: CSG well development activity 
CSG development is essentially a closed process once well development is completed (the gas 
flows in pipelines). Within the whole of the UNGD process, the well development stage is reported as 
presenting the highest environmental health-related impact (Jagals, 2013). Due to limited environmental 
data, monthly CSG well count (i.e., growth in CSG well numbers) was used as the indicator for resource 
development in the CSG area. Gas well count, rather than gas production, served as a proxy for CSG well 
development activity (i.e., the activities and associated construction related to the well development stage 
rather than to the processing stage). Details on obtaining CSG well data were described in Chapter 4, 
Section 2.2.1. 
A variable was created to partition the monthly time periods and numbers of wells into categories 
relevant to the timeline of CSG well development (shown in Figure 7.1).  
 
Figure 7.1. Monthly well count data for the coal seam gas (CSG) area, 1995-2011 (reference category: ‘very 
low’ period of January 1995-March 1999). 
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As in Figure 7.1, gas well development (GWD) activity data were divided and categorised as 
follows: ‘very low’ = January 1995-March 1999; ‘low’ = April 1999-June 2003; ‘medium’ = July 2003-
September 2007; and ‘intense’ = October 2007-December 2011. Each well category had a total of 51 
months, with the early (‘very low’) period serving as the reference category.  
2.3 Analysis 
Regression analyses were conducted on monthly hospital admissions data (either all-age, all-cause; 
all-age, cause-specific; age-specific, all-cause; or age-specific, cause-specific) to determine if hospital 
admission rates in the CSG area increased significantly over time in GWD periods with increasing CSG 
development activity compared to the reference period. This was done for conditions previously 
identified as increasing over time relative to either the CM or RA areas (in Chapter 6). Again, the 
analyses presented here are preliminary and are intended to guide future research.  
The analyses were completed using SAS 9.4 (SAS Institute, 2013). The Vuong test (SAS Institute; 
Vuong, 1989) was used to check each regression to determine which model provided the best fit for the 
data (Poisson, negative binomial regression, or zero-inflated negative binomial regression). Additionally, 
the deviance, dispersion, Akaike Information Criterion, and Bayes Information Criterion were checked to 
assess goodness of fit (Ismail & Jemain, 2007; Lord & Park, 2010; Zhang & Liu, 2013). As with the 
previous analyses, counts were modelled with a log link function, and models were offset by the log of 
the population. For these analyses, the primary outcome of interest was to determine whether admission 
rates increased over time in any of the latter periods of GWD activity compared to the referent.  
This analytical method allowed for the calculation of rate ratios (RR; 95% CI) to determine 
whether there was an increase in hospitalisation rates for a given health outcome over time in the CSG 
study area relative to GWD activity. As above, the ‘very low’ category was the reference, so rate ratios 
were calculated comparing ‘very low’ GWD activity with ‘low’ GWD activity, ‘very low’ with ‘medium’ 
GWD activity, and ‘very low’ with ‘intense’ GWD activity.  
Due to the magnitude of the analyses, a strategy was used to guide presentation and interpretation 
of results in the most comprehensible way. (Note: all results are presented in Appendix L.) This strategy 
determined which results to focus on in this section of the thesis and was as follows: 
 Statistically significant increases over time that were observed in hospitalisation rates in the CSG 
area relative to both the CM and the RA areas for all-ages, or within specific age groups (as 
discussed in Chapter 6), were of primary interest.  
o Within this previously identified group of conditions, it was necessary to determine whether 
there were increases over time in hospitalisation rates for the identified health condition as a 
function of each GWD activity category (‘low’, ‘medium’, ‘intense’) compared with the 
reference category of ‘very low’. Similar to a typical dose-response relationship, a positive 
relationship between GWD activity and hospitalisation rates was considered to be indicative of 
a stronger association between GWD activity and hospitalisation rates. 
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o Increases in hospitalisation rates across some of the GWD categories (but not all) compared 
with the reference category of ‘very low’ were also considered. The rationale for this was that 
there could potentially be lag times between exposures associated with GWD activity and the 
development of health consequences serious enough to result in hospitalisation. In this way, 
health consequences (measured using hospitalisation rates within ICD chapters) that occurred 
in the CSG study area as a function of increasing GWD activity were identified. 
 Statistically significant increases over time that were observed in hospitalisation rates in the CSG 
area relative to either the CM or RA areas for all-ages, or within specific age groups (Chapter 6), 
were also of relevance, but to a lesser extent compared to the conditions where hospitalisation 
rates increased over time in the CSG area compared to both the CM and RA areas. 
o The same groupings, as described above, were then used for assessing the strength of 
association for the health conditions where the hospitalisation rates increased in the CSG area 
relative to either the CM or RA areas. Again, a positive dose-response type of relationship 
between GWD activity and hospitalisation rates provided the strongest association between 
GWD activity and hospitalisation rates. 
As scoped in Chapter 1, it was not the intent of this ERHI assessment to weigh costs and benefits; 
instead, the focus was on potential adverse health outcomes over time as a function of GWD activity. This 
approach was used for the previously identified health conditions across all-age, all-cause rates; all-age, 
cause-specific rates; age-specific, all-cause rates; and age-specific, cause-specific rates. 
3 Results 
The results are presented for the impact on all-ages, followed by the impact on children/adolescents 
and adults, separately, as measured through hospitalisation rates. 
3.1 Impact on all-ages as measured through hospitalisation rates 
There were 238,457 admissions to hospital for 1995-2011 for the CSG study area. The minimum 
number of admissions in one month was 718, while the maximum number of admissions in one month 
was 1,610. There were 50,884 admissions in the category of GWD activity defined as ‘very low’ (January 
1995 - March 1999); 57,010 admissions during the ‘low’ category (April 1999 - June 2003); 61,173 
during the ‘medium’ GWD activity category (July 2003 - September 2007); and 69,390 hospital 
admissions during the category of activity defined as ‘intense’ (October 2007 - December 2011). 
Negative binomial regression was the preferred model, as confirmed by the Vuong test and 
goodness of fit tests. As reported in Chapter 6, all-age hospitalisation rates showed statistically significant 
increases over time for ‘All-cause’ hospitalisations, as well as ‘Blood/immune’, ‘Eye’, and 
‘Genitourinary’ diseases in the CSG area relative to both the CM and the RA areas. Rate ratios and 95% 
CI for all-age hospital admission rates in periods of ‘low’, ‘medium’, and ‘intense’ well activity relative to 
‘very low’ activity are shown in Table 7.1 for all-cause hospitalisations, and for hospital admissions 
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where rates increased significantly over time in the CSG area compared to either, or both, study areas. 
Only significant associations indicating adverse impact are shown in Table 7.1. 
Table 7.1. Rate ratios (RR) and 95% confidence interval (CI) for all-age hospitalisation rates as a function 
of gas well development activity.ab 
 Low vs very low Medium vs very low Intense vs very low 
All-cause 1.12 (1.08-1.15) 1.16 (1.12-1.19) 1.25 (1.21-1.29) 
Infectious disease 1.43 (1.26-1.62) 1.22 (1.08-1.39) 1.51 (1.33-1.70) 
Neoplasms 1.21 (1.13-1.29) 1.41 (1.32-1.50) 1.50 (1.41-1.60) 
Blood/immune ns 1.43 (1.19-1.71) 2.33 (1.97-2.77) 
Nervous system 1.45 (1.32-1.59) 1.45 (1.32-1.59) 1.92 (1.76-2.09) 
Eye 1.16 (1.02-1.33) 1.34 (1.18-1.52) 1.89 (1.66-2.14) 
Skin 1.18 (1.06-1.32) 1.17 (1.05-1.31) 1.37 (1.23-1.52) 
Musculoskeletal ns 1.08 (1.01-1.16) 1.15 (1.07-1.23) 
Injuries 1.18 (1.11-1.24) ns 1.06 (1.01-1.12) 
a Note: The reference category is ‘very low’ (January 1995 - March 1999) and all gas well development activity periods are shown in 
Figure 7.1. 
b Note: ns = not significant. 
The significant rate ratios from Table 7.1 above can also be found in Figure 7.2, which provides a 
visualisation of the rate ratios and 95% CI for all-age hospitalisations in the specified ICD chapters for the 
three GWD activity categories (compared with ‘very low’). Any rate ratios above 1.00 indicate an 
increase in the hospitalisation rate relative to the reference category. 
 
Figure 7.2. Significant rate ratios (RR) and 95% confidence interval (CI) for all-age hospitalisation rates in 
the coal seam gas (CSG) study area as a function of gas well development activity. 
As can be seen in Table 7.1 and Figure 7.2, ‘All-cause’ hospitalisation rates increased significantly 
as a function of GWD activity. That is, compared to the ‘very low’ GWD activity period, rates of 
hospitalisation due to any cause was 12% higher in the ‘low’ activity period, 16% higher in the ‘medium’ 
GWD activity period, and 25% higher in the ‘intense’ activity period. This also occurred for 
hospitalisations due to ‘Eye’ diseases (compared with the ‘very low’ GWD activity period). Rates were 
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16% higher in the ‘low’ GWD activity period, 34% higher in the ‘medium’ activity period, and 89% 
higher in the ‘intense’ GWD activity period. 
While there was no difference in hospitalisation rates due to ‘Blood/immune’ diseases in the ‘low’ 
compared to the ‘very low’ period of GWD activity, hospitalisation rates were 43% higher in the 
‘medium’ GWD activity period and 133% higher in the period of ‘intense’ GWD activity compared with 
‘very low’ activity. Hospital admission rates were not significantly higher for ‘Genitourinary’-related 
diseases for any of the GWD categories compared to the reference category. 
In Chapter 6, hospitalisations due to ‘Neoplasms’, ‘Ear’, ‘Skin’, and ‘Musculoskeletal’ diseases, as 
well as ‘Injuries’, were identified as the ICD chapters where all-age hospitalisation rates increased in the 
CSG area relative only to the CM area (i.e., hospitalisation rates in the CSG area were more similar to 
rates in the RA area than to rates in the CM area). As in Table 7.1 and Figure 7.2, hospitalisation rates due 
to ‘Neoplasms’ increased consistently over each GWD activity period relative to the ‘very low’ period of 
GWD activity. Hospitalisation rates were 21% higher in the period of ‘low’ GWD activity compared with 
‘very low’ activity, 41% higher in the period of ‘medium’ activity, and 50% higher in the period of 
‘intense’ GWD activity compared with ‘very low’ activity. 
‘Skin’ disease-related hospitalisation rates were 18%, 17%, and 37% higher in the ‘low’, ‘medium’, 
and ‘intense’ GWD activity periods, respectively, compared with the ‘very low’ reference group. Hospital 
admission rates in the ‘Musculoskeletal’ ICD chapter were not significantly higher in the period of ‘low’ 
GWD activity compared with ‘very low’ activity; however, rates were 8% higher in the period of 
‘medium’ activity and 15% higher in the period of ‘intense’ activity compared with ‘very low’ GWD 
activity. Additionally, ‘Injuries’ admission rates were 18% and 6% higher in the periods of ‘low’ and 
‘intense’ GWD activity compared with ‘very low’ activity, but rates were not significantly higher in the 
period of ‘medium’ activity compared with ‘very low’ activity. ‘Ear’ disease-related admissions were not 
significantly higher for any GWD period compared with the ‘very low’ activity period.  
3.2 Impact on children and adolescents as measured through hospitalisation rates 
There were 37,751 admissions to hospital for 1995-2011 in the CSG area for children and 
adolescents (0-19 years old). For this cohort, the minimum number of admissions in one month was 12, 
while the maximum number of admissions in one month was 122. There were 8,879 admissions in the 
period of ‘very low’ GWD activity (January 1995 - March 1999); 9,737 admissions during the activity 
period defined as ‘low’ (April 1999 - June 2003); 9,566 admissions during the ‘medium’ GWD activity 
period (July 2003 - September 2007); and 9,569 admissions during the period of ‘intense’ activity 
(October 2007 - December 2011). 
The Vuong test and goodness of fit tests confirmed negative binomial regression as the preferred 
model. The health conditions (via ICD chapters) where there were statistically significant increases over 
time in age-specific hospitalisation rates in the CSG area relative to both the CM and the RA areas were 
reported in Chapter 6. Rate ratios and 95% CI for age-specific hospital admission rates in periods of 
‘low’, ‘medium’, and ‘intense’ GWD activity, relative to the period of ‘very low’ GWD activity, were 
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calculated for each of these conditions and are shown in Table 7.2. Only significant associations are 
shown in the table. Results for each age group of the child/adolescent cohort, for each chapter, are 
provided in full in Appendix L. 
Table 7.2. Rate ratios (RR) and 95% confidence interval (CI) for age-specific hospitalisation rates 
(child/adolescent cohort) as a function of gas well development activity.ab 
 Low vs very low Medium vs very low Intense vs very low 
All-cause    
5-9 yrs 1.12 (1.02-1.22) 1.24 (1.14-1.36) 1.15 (1.05-1.26) 
Neoplasms    
15-19 yrs ns 2.21 (1.31-3.75) ns 
Blood/immune    
5-9 yrs 13.31 (1.63-108.79) 48.16 (6.20-373.81) ns 
Endocrine    
0-4 yrs ns 1.93 (1.01-3.66) ns 
Ear    
10-14 yrs ns ns 1.80 (1.07-3.04) 
Digestive    
5-9 yrs ns 1.50 (1.21-1.86) 1.64 (1.32-2.03) 
Skin    
15-19 yrs ns ns 1.51 (1.07-2.11) 
a Note: The reference category is ‘very low’ (January 1995 - March 1999) and all gas well development activity periods are shown in 
Figure 7.1. 
b Note: ns = not significant. 
As in Chapter 6, the only age group in the child/adolescent cohort where increases were observed 
for ‘All-cause’ hospitalisation rates was for 5-9 year olds. Hospitalisation rates for 5-9 year olds increased 
by 3% over time in the CSG area relative only to the RA area. Table 7.2 shows that ‘All-cause’ 
hospitalisation rates were higher for each period of GWD activity relative to the ‘very low’ period, but the 
increase was not consistent over time. Hospitalisation rates were 12% higher in the period of ‘low’ GWD 
activity compared with the period of ‘very low’ activity and 24% higher in the period of ‘medium’ GWD 
activity. Hospitalisation rates were 15% higher in the period of ‘intense’ GWD activity compared with the 
period of ‘very low’ activity.  
Cause-specific hospitalisation rates are summarised below by age group. 
3.2.1 0-4 year olds 
In Chapter 6, it was shown that rates of hospitalisation due to ‘Endocrine’ diseases were 
significantly higher (8%) in this age group in the CSG area relative only to the CM area. As in Table 7.2 
above, hospitalisation rates due to ‘Endocrine’ diseases were 93% higher in the period of ‘medium’ GWD 
activity compared with the period of ‘very low’ activity. Rates were not significantly different in periods 
of ‘low’ or ‘intense’ GWD activity compared with ‘very low’ activity.  
While hospitalisation rates for ‘Respiratory’ diseases were higher in the CSG area than in the RA 
area (but not CM) as discussed in Chapter 6, hospitalisation rates did not increase as a function of GWD 
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activity within the CSG area (because no associations were observed, the data are not included in the 
table, but the results can be found in Appendix L).  
3.2.2 5-9 year olds 
In Chapter 6, it was shown that higher hospitalisation rates were observed over time in the CSG 
area relative to both CM and RA areas for ‘Blood/immune’ diseases and ‘Ear’ diseases. As in Table 7.2, 
rates of hospitalisation due to ‘Blood/immune’ diseases were over 13 times higher in the period of ‘low’ 
GWD activity compared with the period of ‘very low’ activity and more than 48 times higher in the 
period of ‘medium’ activity compared with the period of ‘very low’ activity. No differences in rates were 
observed between periods of ‘very low’ and ‘intense’ GWD activity. A total of 67 ‘Blood/immune’ 
disease-related admissions were observed for this age group over the entire study period. 
Hospitalisation rates related to ‘Digestive’ diseases were found to increase in the CSG area relative 
only to the CM area (discussed in Chapter 6). Upon examining GWD activity, it was found that 
hospitalisation rates for ‘Digestive’ diseases in this age group were 50% and 64% higher in the periods of 
‘medium’ and ‘intense’ activity, respectively, compared with the period of ‘very low’ activity. Rates were 
not significantly different in the period of ‘low’ GWD activity compared with the period of ‘very low’ 
GWD activity. There were 907 ‘Digestive’ disease-related hospital admissions for 5-9 year olds over the 
study period. 
While hospitalisation rates for ‘Eye’ and ‘Respiratory’ diseases were higher in the CSG area 
compared only to the RA area (but not CM), hospitalisation rates did not increase as a function of GWD 
activity within the CSG area (because no associations were observed, the data are not included in 
Table 7.2). 
3.2.3 10-14 year olds 
In Chapter 6, it was shown that hospitalisation rates for ‘Ear’ diseases were significantly higher in 
this age group for the CSG area relative to both the CM and RA areas. While hospitalisations due to ‘Ear’ 
diseases were 80% higher in the period of ‘intense’ GWD activity than in the period of ‘very low’ 
activity, there was no difference in hospitalisation rates for ‘low’ or ‘medium’ periods of GWD activity 
versus ‘very low’ GWD activity. 
While hospitalisation rates for ‘Respiratory’ diseases were higher in the CSG area relative only to 
the RA area (but not CM), and hospitalisation rates for ‘Skin’ diseases were higher in the CSG area 
relative only to the CM area (discussed in Chapter 6), hospitalisation rates for both of these ICD chapters 
did not increase as a function of GWD activity within the CSG area (because no associations were 
observed, the data are not included in Table 7.2). 
3.2.4 15-19 year olds 
As per Chapter 6, increases in hospitalisation rates for 15-19 year olds were not observed for any of 
the ICD chapters in the CSG area compared with both the CM and RA areas. However, for this age 
group, the CSG area had higher rates of hospitalisation for ‘Neoplasms’ and ‘Skin’ diseases relative only 
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to the CM area (but not RA). Hospitalisation rates due to ‘Neoplasms’ were 121% higher in the ‘medium’ 
GWD activity period compared with the ‘very low’ GWD activity period; however, hospitalisation rates 
were not higher for the ‘low’ or ‘intense’ GWD activity periods relative to the ‘very low’ period. 
Hospitalisation rates due to ‘Skin’ diseases were 51% higher in the period of ‘intense’ GWD activity 
compared with the period of ‘very low’ activity. Rates were not significantly different in periods of ‘low’ 
or ‘medium’ GWD activity compared with the period of ‘very low’ activity. 
In summary, hospitalisation rates increased across all GWD periods only for ‘All-cause’ 
admissions for 5-9 year olds; however, there was no consistent positive dose-response relationship. A 
number of cause-specific increases in hospitalisation rates were observed in the ‘medium’ GWD activity 
period compared to the ‘very low’ period (i.e., ‘Neoplasms’ for 15-19 year olds and ‘Endocrine’ diseases 
for 0-4 year olds), while increases in rates for other causes occurred only in the ‘intense’ GWD activity 
period compared to the ‘very low’ period (i.e., ‘Ear’ diseases for 10-14 year olds and ‘Skin’ diseases for 
15-19 year olds).  
While hospitalisation rates for ‘Digestive’ diseases for 5-9 year olds increased in the ‘medium’ and 
‘intense’ GWD activity periods compared to the ‘very low’ period, the rates in the ‘low’ period were not 
significantly higher than in the ‘very low’ period. Finally, hospital admissions for ‘Blood/immune’ 
diseases for 5-9 year olds increased over time  in conjunction with both the ‘low’ and ‘medium’ periods 
compared to the ‘very low’ period; however, the ‘intense’ period did not have significantly higher rates 
relative to the ‘very low’ period. 
3.3 Impact on adults as measured through hospitalisation rates 
There were 129,015 admissions to hospital for 1995-2011 for the CSG study area for adults (20-64 
years old). For this cohort, the minimum number of admissions in one month was 41, while the maximum 
number of admissions in one month was 264. There were 27,171 admissions in the period of ‘very low’ 
GWD activity (January 1995 - March 1999); 30,849 admissions during the GWD activity period defined 
as ‘low’ (April 1999 - June 2003); 32,701 admissions during the ‘medium’ GWD activity period (July 
2003 - September 2007); and 38,294 admissions during the activity period defined as ‘intense’ (October 
2007 - December 2011). 
Negative binomial regression was the preferred model, as confirmed by the Vuong test and 
goodness of fit tests. The health conditions (via ICD chapters) where there were statistically significant 
increases over time in age-specific hospitalisation rates in the CSG area relative to both the CM and the 
RA areas were reported in Chapter 6 (Section 3.3). Rate ratios and 95% CI for age-specific hospital 
admission rates in periods of ‘low’, ‘medium’, and ‘intense’ GWD activity relative to the period of ‘very 
low’ activity were calculated for each of these conditions and are shown in Table 7.3. Only significant 
associations are shown in the table. The results for each age group of the adult cohort, for each ICD 
chapter, are provided in full in Appendix L. 
Table 7.3. Rate ratios (RR) and 95% confidence interval (CI) for age-specific hospitalisation rates (adult 
cohort) as a function of gas well development activity.ab 
 Low vs very low Medium vs very low Intense vs very low 
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All-cause    
20-34 yrs 1.14 (1.09-1.19) 1.15 (1.10-1.20) 1.11 (1.06-1.16) 
35-44 yrs 1.16 (1.09-1.23) 1.26 (1.19-1.33) 1.38 (1.31-1.46) 
45-64 yrs 1.13 (1.06-1.20) 1.12 (1.05-1.19) 1.34 (1.26-1.43) 
Infectious disease    
45-64 yrs 1.42 (1.10-1.83) 1.50 (1.17-1.92) 2.31 (1.83-2.91) 
Neoplasms    
20-34 yrs 2.00 (1.56-2.55) 1.88 (1.46-2.41) 1.92 (1.51-2.46) 
Blood/immune    
45-64 yrs ns ns 3.35 (2.48-4.51) 
Eye    
35-44 yrs 2.11 (1.18-3.76) ns ns 
Skin    
35-44 yrs 1.86 (1.37-2.52) 1.65 (1.20-2.25) 2.10 (1.55-2.83) 
45-64 yrs ns ns 1.44 (1.17-1.76) 
Injuries    
20-34 yrs 1.30 (1.17-1.45) 1.13 (1.01-1.26) ns 
45-64 yrs 1.15 (1.04-1.28) ns 1.26 (1.14-1.40) 
a Note: The reference category is ‘very low’ (January 1995 - March 1999) and all gas well development activity periods are shown in 
Figure 7.1. 
b Note: ns = not significant. 
As shown in Chapter 6, increases in ‘All-cause’ hospitalisation rates in the CSG area relative to the 
CM and/or RA areas were observed for all of the age groups within the adult cohort. For 35-44 year olds, 
these increases in ‘All-cause’ hospitalisation rates in the CSG area were relative to both the CM and RA 
areas. Table 7.3 shows that ‘All-cause’ hospitalisation rates for 35-44 year olds were higher for each 
period of GWD activity relative to the ‘very low’ period, increasing significantly as a function of GWD 
activity. Hospitalisation rates were 16%, 26%, and 38% higher in the ‘low’, ‘medium’, and ‘intense’ 
periods, respectively, compared with the ‘very low’ period.  
Increasing hospitalisation rates in the CSG area relative only to the CM area were observed for the 
20-34 year old age group. ‘All-cause’ hospitalisation rates for 20-34 year olds were higher for each period 
of GWD activity relative to the ‘very low’ period, but the increase was not consistent over time (shown in 
Table 7.3). Likewise, increasing hospitalisation rates in the CSG area relative only to the RA area 
occurred in 45-64 year age group. ‘All-cause’ hospitalisation rates for this age group were higher for each 
period of GWD activity relative to the ‘very low’ period, but the increase was not consistent over time. 
Cause-specific hospitalisation rates are summarised below by age group. 
3.3.1 20-34 year olds 
In Chapter 6, it was shown that rates of hospitalisation due to ‘Neoplasms’, ‘Eye’ diseases, and 
‘Injuries’ increased significantly over time in the CSG area relative only to the CM area. As in Table 7.3, 
rates of hospitalisation due to ‘Neoplasms’ were higher for each period of GWD activity relative to the 
‘very low’ period, but the increase was not consistent over time. Hospitalisation rates were 100% higher 
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in the ‘low’ well development activity period compared with the ‘very low’ period, 88% higher in the 
‘medium’ period compared with the ‘very low’ period, and 92% higher in the ‘intense’ period (where 
there was the highest level of GWD activity) compared with the ‘very low’ period.  
Rates of hospitalisation due to ‘Injuries’ were higher for the ‘low’ and ‘medium’ periods relative to 
the ‘very low’ period (30% and 13% higher, respectively), but not for the ‘intense’ period relative to the 
‘very low’ period (shown in Table 7.3).  
While hospitalisation rates for ‘Eye’ diseases increased significantly over time in the CSG area 
relative only to the CM area (but not RA), hospitalisation rates for this ICD chapter did not increase as a 
function of GWD activity within the CSG area (because no associations were observed, the data are not 
included in the table, but all results can be found in Appendix L). 
3.3.2 35-44 year olds 
In Chapter 6, it was shown that increasing hospitalisation rates were observed over time for ‘Eye’ 
diseases, ‘Skin’ diseases, and ‘Musculoskeletal’ diseases for this age group in the CSG area relative to the 
CM area. While hospitalisations due to ‘Eye’ diseases were 111% higher for this age group in the ‘low’ 
GWD activity period compared with the ‘very low’ period, rates were not significantly higher for the 
‘medium’ or ‘intense’ periods relative to the ‘very low’ period (Table 7.3).  
Hospitalisation rates due to ‘Skin’ diseases were higher for each period of GWD activity relative to 
the ‘very low’ period, but the increase was not consistent over time. Rates were 86% higher in the ‘low’ 
GWD activity period compared with the ‘very low’ period, 65% higher in the ‘medium’ period compared 
with the ‘very low’ period, and 110% higher in the ‘intense’ period compared with the ‘very low’ GWD 
activity period.  
While hospitalisation rates for ‘Musculoskeletal’ diseases were higher in the CSG area relative only 
to the CM area (discussed in Chapter 6), hospitalisation rates for ‘Musculoskeletal’ diseases did not 
increase as a function of GWD activity within the CSG area (because no associations were observed, the 
data are not included in Table 7.3). 
3.3.3 45-64 year olds 
In Chapter 6, hospitalisations due to ‘Blood/immune’ diseases were identified as the only ICD 
chapter where age-specific rates for the adult cohort increased in the CSG area relative to both the CM 
and RA areas. As shown in Table 7.3, hospitalisation rates due to ‘Blood/immune’ diseases were 235% 
higher in the ‘intense’ GWD activity period compared with the ‘very low’ period. Rates were not 
significantly different in periods of ‘low’ or ‘medium’ GWD activity compared with the ‘very low’ period. 
There were 714 ‘Blood/immune’ disease-related admissions for 45-64 year olds over the study period. 
Chapter 6 also identified a number of disease chapters where the CSG area had significantly 
increases in hospitalisation rates over time relative only to the CM area for 45-64 year olds. These ICD 
chapters were: ‘Infectious disease’, ‘Skin’ diseases, ‘Genitourinary’ diseases, and ‘Injuries’. 
Hospitalisation rates for ‘Infectious disease’ for this age group were significantly higher across all GWD 
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activity periods relative to the ‘very low’ GWD activity period, increasing significantly as a function of 
GWD activity. Hospitalisation rates for ‘Infectious disease’ were 42%, 50%, and 131% higher for the 
‘low’, ‘medium’, and ‘intense’ periods, respectively, compared with the ‘very low’ period.  
For ‘Skin’ diseases, hospitalisation rates were significantly higher only in the ‘intense’ GWD 
activity period relative to the ‘very low’ period. Rates were not significantly different in periods of ‘low’ 
or ‘medium’ GWD activity compared with the period of ‘very low’ activity. Hospitalisation rates related 
to ‘Injuries’ were found to be 15% and 26% higher in the ‘low’ and ‘intense’ GWD activity periods, 
respectively, compared with the ‘very low’ period, but this relationship was not found for the ‘medium’ 
GWD period relative to the ‘very low’ period. 
While hospitalisation rates for ‘Genitourinary’ diseases increased significantly in the CSG area 
relative only to the CM area (discussed in Chapter 6), hospitalisation rates for ‘Genitourinary’ diseases 
did not increase as a function of GWD activity within the CSG area (because no associations were 
observed, the data are not included in Table 7.3). 
In summary, hospitalisation rates increased consistently over time only for ‘All-cause’ admissions 
for 35-44 year olds and ‘Infectious disease’ for 45-64 year olds. A number of other ICD chapters showed 
increases in hospitalisation rates for each period of GWD activity; however, consistent increases were not 
observed. These were: ‘All-cause’ for 20-34 and 45-64 year olds, ‘Neoplasms’ for 20-34 year olds, and 
‘Skin’ diseases for 35-44 year olds.  
Both ‘Blood/immune’ diseases for 45-64 year olds and ‘Skin’ diseases for 45-64 year olds only 
showed significant increases in the ‘intense’ GWD period compared with the ‘very low’ period, while 
‘Eye’ diseases only showed significant increases in the ‘low’ period compared with the ‘very low’ period. 
Rates of hospitalisation for ‘Injuries’ were significant for 20-34 year olds only for the ‘low’ and ‘medium’ 
GWD activity periods compared with the ‘very low’ period, while rates of hospitalisation for ‘Injuries’ 
for 45-64 year olds were significantly higher than the ‘very low’ period for both the ‘low’ and ‘intense’ 
periods, but not for the ‘medium’ period. 
4 Discussion 
The research presented in this chapter was exploratory in nature and sought to assess health 
outcomes (via hospitalisation rates) in conjunction with CSG well development activity for the ICD 
chapters previously identified as showing an increasing trend in the hospital admission rates in the CSG 
area compared to the CM and/or RA areas. This was a preliminary assessment to guide research and 
suggest areas for further work.  
As previously outlined, any health conditions (ICD chapters) where the CSG area showed 
statistically significant increases over time in hospitalisation rates relative to hospitalisation rates in both 
the CM and RA areas (Chapter 6) were the primary focus for this chapter. In this chapter, these findings 
were combined with increases in admission rates over each GWD activity period (from ‘very low’ CSG 
well development activity through to ‘intense’ CSG well development activity), preferably with a positive 
dose-response relationship for GWD activity and hospitalisation rates.  
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Based on this rationale, the strongest observed effects were for hospitalisations due to any cause 
(i.e., ‘All-cause’) for all-ages and 35-44 year olds, as well as hospitalisations due to ‘Eye’ diseases for all-
ages. While increases in hospitalisation rates were observed for other health conditions as a function of 
increasing GWD activity, the effect was not as strong as those mentioned above due to lack of 
consistently higher admission rates across all GWD categories, or because the increase in hospitalisation 
rates over time occurred in CSG areas relative to the CM or RA areas, but not both. 
There are few studies that examine health outcomes over time alongside UNGD data, as was done 
in this chapter. While some studies have assessed health outcomes in relation to proximity to UNGD 
(Hill, 2012; McKenzie et al., 2014; Rabinowitz et al., 2015) and others have examined health outcomes in 
relation to the ‘before’ and ‘after’ of hydraulic fracturing (Fryzek et al., 2013), only one study has 
examined hospital admissions data (Coons & Walker, 2008). However, this was only to compare four 
counties with varying levels of UNGD over time and did not include any level of environmental data 
alongside the hospital admissions data. The time period for that study (6.25 years) was nearly one-third of 
the time period used for the data presented in Chapters 6 and 7 (17 years). 
A number of ICD chapters were previously matched with the potential ERHIs found in the 
literature (shown in Table 6.5). In comparing these ICD chapters to the hospital admissions where the 
strongest effects were observed, neither ‘All-cause’ nor ‘Eye’ diseases were noted in the literature as 
having an association with UNGD. However, a number of studies have reported residents noting eye 
irritation and other eye-related symptoms through self-report surveys (Bamberger & Oswald, 2012; 
Coons & Walker, 2008; Queensland Government, 2013d; Rabinowitz et al., 2015; Steinzor et al., 2013; 
Subra, 2009, 2010; Witter et al., 2011). Whether a person would be admitted to hospital for such 
conditions would depend on the severity of the condition; however, this was not discussed in the studies 
that did report eye irritation and eye-related symptoms. 
The only study to examine hospitalisation rates in comparative areas with varying degrees of 
UNGD was discussed in Chapter 6. In that study, Garfield County was identified as the county with the 
highest level of UNGD (Coons & Walker, 2008). Coons and Walker (2008) noted that Garfield County 
had the lowest or second lowest rate of all-cause hospitalisations. However, these data were not examined 
along with any environmental data such as the cumulative number of wells in those areas. These findings 
are in contrast to what was found for ‘All-cause’ hospitalisations across Chapters 6 and 7 in this thesis, 
notably for all-age hospitalisations, as well as for the 35-44 year old age group.  
Likewise, in the study by Coons and Walker (2008), some ‘Eye’ diseases data in the diagnostic-
related grouping (DRG) were unavailable for certain datasets, but the available data showed that Garfield 
County had the lowest rates of admission for ‘Eye’ diseases. Both of these findings are in contrast with 
the effects observed here where the rates of hospitalisation due to ‘Eye’ diseases increased over time in 
the CSG area compared to the rates in both the CM and RA areas during the study period. There were 
also consistent increases over time with the increase in GWD activity in the CSG area. 
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Increases in hospitalisation rates due to ‘All-cause’ (5-9, 20-34, and 45-64 year olds), ‘Infectious 
disease’ (45-64 year olds), ‘Neoplasms’ (all-ages and 20-34 year olds), and ‘Skin’ diseases (35-44 year 
olds) were observed in conjunction with increasing GWD activity compared with the period of ‘very low’ 
GWD activity. However, for all of these chapters, the rates of hospitalisation in the CSG area increased 
significantly over time compared to either the CM area or the RA area (but not both) (Chapter 6).  
Hospitalisations due to ‘Infectious disease’ among 45-64 year olds was the only health condition 
for which a positive dose-response effect was observed for age-specific, cause-specific rates. As 
previously discussed, the ‘Infectious disease’ chapter includes a range of diagnosis sub-chapters such as 
vector-borne disease, tuberculosis, viral infections of the central nervous system, and infections with a 
predominantly sexual mode of transmission. It would be important to examine this in-depth, along with 
relevant confounders in adjusted models, to further elucidate the reason for the increase in hospitalisation 
rates due to infectious diseases in the CSG area.  
While hospitalisations due to ‘Neoplasms’ did increase over the GWD activity periods, this could 
be due to factors such as changes in screening practices (Coons & Walker, 2008). This requires further 
exploration to determine if rates within certain sub-chapters of the ‘Neoplasms’ chapter show the same 
pattern. Neoplasms and the interpretation of such data have already been discussed in Chapter 6, 
Section 4.  
Some of the observed effects can potentially be explained by lag periods; for instance, when 
significant effects were observed only in the ‘medium’ and/or ‘intense’ periods of GWD activity 
compared to the period of ‘very low’ GWD activity. Such relationships were observed for 
‘Blood/immune’ diseases (all-ages and 45-64 year olds), ‘Digestive’ diseases (5-9 year olds), ‘Endocrine’ 
diseases (0-4 year olds), ‘Neoplasms’ (15-19 year olds), ‘Skin’ diseases (15-19 and 45-64 year olds), and 
‘Musculoskeletal’ diseases (all-ages). As previously mentioned, no other UNGD-related literature has 
discussed ‘Blood/immune’ disease-related admissions other than the study by Coons and Walker (2008), 
where Garfield County’s rates decreased over time or where no data were available. Likewise, Garfield 
County had the lowest rates for ‘Musculoskeletal’ disease-related admissions (Coons & Walker, 2008). 
It is important to note the changes in ‘Skin’ diseases over time, as skin is often seen as a marker for 
underlying internal and systemic diseases (Grandinetti & Tomecki, 2010; MacNeal, 2013). Such internal 
diseases can manifest in a number of skin conditions such as calciphylaxis, cutaneous small vessel 
vasculitis, neutrophilic dermatoses, and seborrheic keratosis. Again, it would be important to examine 
these chapters in-depth, through examining the sub-chapters, in order to see where such changes might be 
occurring. 
4.1 Limitations 
This component of the work has several limitations, many of which were discussed in Chapter 6, 
Section 4.5. These include the use of hospital admissions data, inclusion of repeat admissions, and 
residents moving in and out of the study area. Additionally, to protect the privacy and confidentiality of 
residents in the three study areas of interest, hospitalisation data could only be obtained at a group level 
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covering a large geographical region; however, it would have been preferable to obtain information 
relating to smaller areas. Again, the analyses and conclusions presented here are not being extrapolated to 
all individuals in these areas; rather, in this chapter, the specific environmental setting of CSG is assessed 
alongside the CSG well development activity.  
While obtaining data from smaller areas would be preferred, it is also necessary to have sufficient 
sample sizes to conduct analyses, especially when analyses are stratified by age groups (or when 
considering sub-chapters within the main ICD chapters, as suggested). For example, the estimates for 
‘Blood/immune’ disease-related hospitalisations are reflective of small sample sizes within the 5-9 year 
old age group, where large estimates and very wide confidence intervals were produced in the analyses. 
In comparison, the estimate noted for 45-64 year olds for the same ICD chapter was the largest estimate 
for the adult cohort; however, the confidence intervals were narrower as the sample size was over ten 
times that of the 5-9 year old sample. 
The GWD category variable used in this thesis was not a highly sensitive measure. It was assumed 
that all individuals had the same level of exposure. While the research presented in this chapter used this 
variable to make use of the limited environmental data and present preliminary analyses, next steps would 
include incorporating more detailed environmental data, where available, and using this in conjunction 
with the individual-level health data. Additionally, CSG development increased steadily over time, which 
means that the analyses, which relate health outcomes to such development, essentially examined how 
health outcomes changed over time.  Time is bound to be correlated with the data, which would be true 
for all of the areas (analysed in Chapter 6). However, this is an issue with ecological analyses, especially 
when the putative exposure has a consistent increase (or decrease) over time and this must be considered 
in the interpretation of the results. 
In addition to integrating environmental measurements with the health data, it would have been 
desirable to examine the ‘Subjective Health Outcomes’ data (Chapter 5) along with the ‘Objective Health 
Outcomes’ and ‘Evidence of CSG Impact’ data (Chapters 6 and 7) to examine if any of the health 
outcomes that were self-reported manifested in the independent (hospital admissions) data. However, it 
was not feasible to compare these datasets directly due to the differences in time periods for the data 
collection and lack of overlapping time periods (i.e., 1995-2011 for ‘Objective Health Outcomes’ and 
‘Evidence of CSG Impact’ and 2013-2014 for ‘Subjective Health Outcomes’). Therefore, the data were 
not linked in any way, meaning the health outcome datasets are distinct from one another. 
It is recognised that exposures are time- and location-dependent (D. Brown et al., 2015), which will 
not be properly estimated using high-level data such as hospital admissions data. Brown et al. (2015) 
proposed several criteria for gathering and evaluating individual-level exposure data, including: proximity 
of operations associated with UNGD, the stage of operation occurring at the well pad, presence of 
chemical mixtures in air emissions, the role weather plays in dispersing air pollutants, chemical 
composition and concentrations the individual is exposed to, and the frequency and duration of exposure. 
Such considerations should be taken into account for future studies in this study area that aim to 
incorporate environmental exposure data. 
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4.2 Recommendations 
As with Chapter 6, this component of the research is also exploratory in nature and was designed to 
guide further research rather than provide definitive answers to difficult questions. Causality cannot be 
established at this point. The results here cannot be used to infer that CSG is a cause of any of the 
increased hospitalisation rates, even where a positive dose-response relationship has been observed in 
conjunction with higher rates of hospitalisation in the CSG area relative to the other two study areas. This 
programme of work identifies potential areas that should be explored further.  
Several additional factors that can affect health status should be explored, including gender, 
Indigenous status, and socioeconomic status. These points were discussed in Section 4.6 of Chapter 6 and 
are also applicable to the next steps for the GWD activity analyses. Likewise, changes in health services 
and the availability of health services can affect the rates over time, so availability of health services 
could, and should, be included in future analyses. For example, an indicator such as the number of 
available hospital beds should be included, if possible, as change in the number of available beds is 
typically a more reliable indicator for availability of hospital services compared to the change in the 
number of hospitals (Australian Institute of Health and Welfare, 2007).  
As noted in Chapter 6, in addition to adjusted models that account for confounders (where 
possible), data should be included on the working population of a given area to account for potential 
impacts due to higher proportions of fly-in, fly-out workers. This could also be applicable to a broader 
area that is in this midst of high levels of development activity, as more activity and more production 
could mean it might be likely more people would be exposed, depending on how many local residents are 
in that workforce. 
4.3 Conclusion 
In summary, the results provide evidence of health impact through increases in hospitalisation rates 
for some health conditions in the CSG area over time in conjunction with increasing periods of CSG well 
development activity. The strongest observed effects were for the ICD chapters where the CSG area 
showed increases in rates over time compared to the CM and RA areas (Chapter 6) and where these rates 
increased in conjunction with increasing GWD activity. According to these criteria, the strongest effects 
were for ‘All-cause’ admissions for all-ages and 35-44 year olds and ‘Eye’ disease admissions for all-
ages. Effects were observed for a number of other ICD chapters, but these effects were not as strong. To 
the author’s knowledge, no other studies have assessed hospital admissions data in an UNGD area and 
well development over time, and certainly none in Australia. This is the first study to examine hospital 
admissions and CSG well development data in a CSG area in Australia using an ERHI assessment. Next 
steps should include the examination of certain sub-chapters, as well as the inclusion of gender and other 
relevant confounders, to determine if adjusted models differ from unadjusted models and if any of the 
sub-chapters show similar trends over time. Additionally, a key step for future studies should be to 
include individual-level data with additional environmental data to determine if any of the significant 
relationships observed in this component of the work hold true when applied to the individual level. 
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Part D:    
 
Synthesis 
 
The three previous parts (‘Conceptualising’, ‘Design’, and ‘Assessment’) of the environmentally-
related health impact (ERHI) assessment established the ERHI assessment framework. These parts 
presented the assessment of ERHIs associated with coal seam gas (CSG) development in Queensland, as 
compared to the alternative coal mining (CM) and rural/agricultural (RA) settings. The ‘Synthesis’ part is 
the final part of the ERHI assessment (shown in Figure 8.1). This chapter focuses on the characterisation 
of the health impacts and implications of the study findings. 
9 
Figure 8.1. The four parts of the environmentally-related health impact (ERHI) assessment, focusing on the 
‘Synthesis’ part of the assessment. 
 
                                                     
9 Note: CSG = coal seam gas. 
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Chapter 8:    
Implications of the study findings  
The aim of this thesis was to explore the environmentally-related health impacts (ERHIs) 
associated with coal seam gas (CSG) development and extraction in Queensland, Australia through the 
use of an ERHI assessment. Chapters 5-7 presented evidence regarding the health impacts associated with 
CSG development. Chapter 5 described the results of a cross-sectional study where respondents in three 
different study areas self-reported their physical and mental health experiences using a number of pre-
existing, validated tools. Chapters 6-7 described the health impacts in these same three study areas using 
hospitalisation rates over a 17-year time period, as well as hospitalisation rates alongside CSG well 
development activity. This final chapter is a synthesis of the previous chapters and is designed to discuss 
the implications of the study findings. 
10 
1 Health impacts identified in the ERHI assessment 
Chapter 5 presented an exploratory analytical cross-sectional study, where self-reported health 
outcomes were assessed across the three environmental settings to better understand the impacts of CSG 
development. The evidence suggests that respondents in the CSG area did not differ significantly in self-
reported health compared to the coal mining (CM) or rural/agricultural (RA) areas for a number of 
measures, which included the SF-36, the SI-65, and the DASS-21 measurement tools. Significant 
differences were, however, observed between the three study areas in relation to environmental distress, 
with respondents from the CSG and CM areas presenting higher levels of environmental distress for 
‘frequency of hazards’, ‘observation of hazards’, and ‘threat of hazards’ compared to the respondents 
from the RA area.  
Regarding the objective health data (discussed in Chapters 6 and 7), hospitalisation rates increased 
significantly in the CSG area over the 17-year study period compared to the CM and/or RA areas for a 
number of health conditions (defined by International Classification of Diseases (ICD) chapters). Within 
the all-ages group, the strongest observed effects (where the CSG area had significant increases in 
hospitalisation rates over the study time period compared to both the CM and RA areas) were for ‘All-
cause’ admissions, as well as ‘Blood/immune’ and ‘Eye’ diseases. In the children’s cohort, the strongest 
observed effects were for hospital admissions due to ‘Blood/immune’ diseases for 5-9 year olds and ‘Ear’ 
                                                     
10 Note: ERHI = environmentally-related health impact. 
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diseases for 5-9 and 10-14 year olds. Likewise, for age-specific rates within the adult cohort, the strongest 
observed effects were for ‘Blood/immune’ disease admissions for 45-64 year olds, as well as for ‘All-
cause’ admissions for 35-44 year olds.  
Chapter 7 built on the findings of Chapter 6 and presented health data in conjunction with CSG 
well data. This allowed for examination of temporal health trends in the CSG area relative to the level of 
CSG development activity. Within this chapter, strongest observed effects were considered to be for the 
disease chapters where the CSG area had increases in hospitalisation rates over time compared to both the 
CM and RA areas and where the monthly CSG hospital admission data for said disease chapters showed 
consistent increases in admission rates over each gas well development activity period. Based on this, the 
strongest observed effects were for ‘All-cause’ admissions and hospitalisations due to ‘Eye’ diseases for 
all-ages, as well as ‘All-cause’ admissions for 35-44 year olds.  
The CSG-related health impacts reported in Chapters 5, 6, and 7 have been summarised in 
Tables 8.1-8.5 and compared alongside unconventional natural gas development (UNGD) health 
outcomes that have been identified in the previous literature. The results from the assessment could only 
be compared to a limited number of UNGD-related studies that have assessed and discussed health 
outcomes. It is important to re-emphasise that most of these studies were from the USA, and many 
focused on shale gas, which cannot necessarily be translated to the CSG context in Australia. Only the 
outcomes from this thesis for which there were significant adverse impacts in the CSG area are shown in 
the table (the full set of results for all of the findings are presented in the Appendices). 
1.1 ‘Subjective Health Outcomes’ and related health indicators 
Table 8.1 shows the summary of results for the measures within the SF-36 health indicator and how 
these outcomes relate to the previous UNGD-related literature. 
Table 8.1. Health impacts associated with CSG development compared to those from previous literature, 
categorised by the measures within the SF-36 health indicator.a 
 UNGD 
outcomes in 
literature 
Subjective 
health data 
(Chapter 5) 
Objective health data 
(Chapter 6) 
Evidence of CSG impact 
(Chapter 7) 
 All Child Adult All Child Adult 
SF-36 measure     
Physical function nd 0   
Role–physical nd 0   
Bodily pain nd 0   
General health nd 0 
SF-36 not assessed in these chapters 
Vitality nd 0 
Social function nd 0   
Role–emotional nd 0   
Mental health nd 0   
Health transition nd 0   
a Note: CSG = coal seam gas; SF-36 = Short-Form-36; UNGD = unconventional natural gas development; nd = adverse impacts not determined; 
and 0 = not significant. 
Due to the fact that there were no studies that have used the SF-36 in the context of CSG 
development, or UNGD more broadly, there were no studies from the literature with which to compare 
results. While some of the measures were significantly different, with poorer health outcomes in the RA 
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area (i.e., the ‘physical function’ subscale), the CSG area respondents did not present significantly poorer 
general health for any of the measures within the SF-36.  
Table 8.2 shows the summary of results for the measures within the SI-65 health indicator and how 
the findings in this thesis relate to findings presented in the UNGD-related literature. 
Table 8.2. Health impacts associated with CSG development compared to those from previous literature, 
categorised by the measures within the SI-65 health indicator.a 
 UNGD 
outcomes in 
literature 
Subjective 
health data 
(Chapter 5) 
Objective health data 
(Chapter 6) 
Evidence of CSG impact 
(Chapter 7) 
 All Child Adult All Child Adult 
SI-65 measure - prevalence     
Behavioural + 0   
Circulatory + 0   
Digestive + 0 
SI-65 not assessed in these chapters 
Ear/nose/mouth + 0 
Immunological + 0 
Muscles/joints + 0 
Neurological + 0 
Other/general nd 0 
Reproductive nd 0 
Sinus/respiratory + 0 
Skin + 0   
Urinary nd 0   
Vision/eyes + 0   
a Note: CSG = coal seam gas, SI-65 = symptoms inventory-65; UNGD = unconventional natural gas development; nd = adverse impacts not 
determined; 0 = not significant; and + = significant increases (adverse health outcomes) found in the CSG area. 
As shown in Table 8.2, there are a number of outcomes that have been reported in the previous 
UNGD-related literature that relate to the measures within the SI-65. The majority of measures within the 
SI-65 have been widely reported in other studies. In contrast to what has been reported in previous 
literature, the findings presented here indicated that respondents in the CSG area did not self-report more 
symptoms than did respondents in the CM and RA areas. While it was expected that CSG area 
respondents may self-report experiencing more symptoms than respondents in the CM or RA areas due to 
the anecdotal reports of symptomatology for residents living near UNGD, this was not the case for this 
programme of work. CM area respondents reported experiencing more symptoms than either CSG or RA 
area respondents. 
Table 8.3 presents the measures within the DASS-21 indicator, how these relate to the findings 
presented in this thesis, and how these measures align with findings from other UNGD studies. 
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Table 8.3. Health impacts associated with CSG development compared to those from previous literature, 
categorised by the measures within the DASS-21 health indicator.a 
 UNGD 
outcomes 
in 
literature 
Subjective 
health data 
(Chapter 5) 
Objective health data 
(Chapter 6) 
Evidence of CSG 
impact 
(Chapter 7) 
 All Child Adult All Child Adult 
DASS-21 measure     
Depression (> normal, mean  
score) 
nd 0 
DASS-21 not assessed in these chapters 
Anxiety (> normal, mean score) nd 0 
Stress (> normal, mean score) nd 0   
a Note: CSG = coal seam gas; DASS-21 = Depression Anxiety Stress Scales-21; UNGD = unconventional natural gas development; nd = adverse 
impacts not determined; and 0 = not significant. 
Similar to the SF-36, no other UNGD-related studies have used the DASS-21 as an indicator to 
measure residents’ levels of depression, anxiety, and stress. Therefore, there are no other studies to 
compare against that have been conducted in the context of UNGD. The CSG area respondents did not 
report significantly higher levels of depression, anxiety, or stress compared to respondents from the other 
study areas. 
The outcomes from the measures within the environmental distress indicator (EDS) are presented 
in Table 8.4 alongside the findings from studies related to UNGD and health. 
Table 8.4. Health impacts associated with CSG development compared to those from previous literature, 
categorised by the measures within the EDS indicator.a 
 UNGD 
outcomes 
in 
literature 
Subjective 
health data 
(Chapter 5) 
Objective health data 
(Chapter 6) 
Evidence of CSG 
impact 
(Chapter 7) 
 All Child Adult All Child Adult 
Environmental distress measure     
Frequency of hazards nd +   
Observation of hazards nd + 
EDS not assessed in these chapters Threat of hazards nd + 
Felt impact nd 0 
Solastalgia nd 0   
Action nd 0   
a Note: CSG = coal seam gas; EDS = Environmental Distress Scale; UNGD = unconventional natural gas development; nd = adverse impacts not 
determined; 0 = not significant; and + = significant increases (adverse health outcomes) found in the CSG area where the CSG area respondents 
had significantly higher scores than the rural/agricultural (RA) area respondents for these subscales in the EDS. 
As yet, there are no studies that have used the EDS in areas associated with UNGD, meaning there 
are no studies against which to compare the findings from this programme of work. As in Table 8.4, a 
number of measures within the EDS showed that there were significantly higher levels of environmental 
distress for the CSG area respondents for certain measures (as compared with RA area respondents only). 
It was expected that the RA area respondents might present higher levels of environmental distress due to 
a stronger sense of place, which was true for a number of subscales. Additionally, even though the coal 
mining industry is more established than the CSG industry, the CSG area respondents were more similar 
to the CM area respondents for most of the EDS subscales. This could be due to the presence of resource 
development within these areas rather than the length of time resource development has been occurring in 
these areas. 
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1.1.1 Limitations associated with the ‘Subjective Health Outcomes’ findings 
Tables 8.1-8.4 have summarised the evidence of health impact in relation to the findings from 
Chapter 5 (‘Subjective Health Outcomes’). The methods used in Chapter 5 represented an improvement 
over many previous studies (e.g., stratified random sampling, use of pre-existing, validated measurement 
tools, increased specificity regarding recall periods to reduce measurement bias); however, there were 
also limitations. Difficulties were experienced with obtaining addresses for the survey mail-out. 
Legislation for accessing and using data from the State Electoral Roll in Queensland changed in recent 
years in Queensland, so this was no longer a viable source from which to draw a randomised sample.  
One of the few alternatives was used and there were limitations associated with the data ultimately 
obtained from the third-party provider. It was likely that residents living farther out of town (and possibly 
nearer to resource development) were not included in the sample. One of the main limitations was the low 
response rate. Low response rates can lead to selection bias, low power, and/or inaccurate effect sizes 
(Sivo et al., 2006). Despite substantial efforts that were made to improve the response rate, it was still 
very low. Therefore, we cannot be certain that the sample is truly representative, and it is likely that the 
low response rate was a source of bias meaning that there is a risk that the sample was not representative 
of all eligible subjects in the area. This is important to consider in the context of the findings presented 
here as well as future research in these areas. The low response rate also meant there were small sample 
sizes, which precluded additional analyses to account for a number of confounders. Additionally, recall 
bias is always a consideration when relying on self-reported data, meaning that there could be differences 
amongst respondents in the accuracy of recall of health symptoms, experiences, and perceptions. 
1.2 ‘Objective Health Outcomes’ and related health indicators 
Table 8.5 shows the measures within the objective health outcomes indicator (various categories of 
hospitalisation rates) and how the findings presented in this programme of work relate to findings from 
other health-related studies on UNGD. 
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Table 8.5. Health impacts associated with CSG development compared to those from previous literature, 
categorised by the measures within the objective health outcomes indicator.a 
 UNGD 
outcomes 
in 
literature 
Subjective 
health data 
(Chapter 5) 
Objective health data 
(Chapter 6) 
Evidence of CSG impact 
(Chapter 7) 
 All Child Adult All Child Adult 
ICD chapter         
All-cause hospitalisations nd  +b + +b +c + +c 
Infectious disease +  + 0 + 0 0 + 
Neoplasms +  + + + + + + 
Blood/immune diseases nd 
Hospital 
admissions 
data not 
assessed in this 
chapter 
+b +b +b + + + 
Endocrine diseases nd 0 + 0 0 + 0 
Mental disorders + 0 0 0 0 0 0 
Nervous system diseases + + 0 0 0 0 0 
Eye diseases nd +b + + +c 0 + 
Ear diseases + + +b 0 0 + 0 
Circulatory diseases + 0 0 0 0 0 0 
Respiratory diseases + + + 0 0 0 0 
Digestive diseases nd 0 + 0 0 + 0 
Skin diseases nd + + + 0 + + 
Musculoskeletal diseases nd + 0 + 0 0 0 
Genitourinary diseases + +b 0 + 0 0 0 
Pregnancy nd 0 0 0 0 0 0 
Perinatal outcomes +  0 0 0 0 0 0 
Congenital anomalies +  0 0 0 0 0 0 
Symptoms not elsewhere  
classified 
nd  0 0 0 0 0 0 
Injuries +  + 0 + 0 0 + 
a Note: CSG = coal seam gas; UNGD = unconventional natural gas development; nd = adverse impacts not determined; 0 = not significant; and + = 
significant increases (adverse health outcomes) found in the CSG area. 
b Note: International Classification of Diseases (ICD) chapters where the strongest effects were observed (i.e., where rates of hospitalisation 
increased significantly over time in the CSG area compared to both the coal mining (CM) and rural/agricultural (RA) areas). 
c Note: ICD chapters where the strongest effects were observed (i.e., where rates increased over time in the CSG area compared to both the CM 
and RA areas, and where hospitalisation rates increased consistently over time as a function of CSG well development activity). 
As discussed in Chapter 6 (and as shown in Table 6.5), a number of health conditions were 
identified in previous literature that may potentially be associated with UNGD. These were mapped to the 
relevant ICD chapters. As in Table 8.5, there is some overlap in the findings presented here and the 
conditions reported on in previous literature such as ‘Neoplasms’, ‘Infectious disease’, and ‘Injuries’. 
However, there are a number of conditions reported on in the literature for which no significant effects 
were observed for the CSG area relative to the other two study areas in this study (e.g., ‘Mental 
disorders’, ‘Circulatory’ diseases, and ‘Perinatal’ outcomes). Conversely, neither ‘All-cause’ 
hospitalisations nor ‘Eye’ diseases have been identified in the previous literature as being potentially 
associated with UNGD and, in the current study, evidence for these two conditions was considered to be 
the strongest when examined in conjunction with CSG well development activity. This was because of 
increased hospitalisation rates in the CSG area compared to the CM and RA areas, as well as increasing 
rates for each gas well development activity period compared to the early, very low development period. 
The research presented in Chapters 6 and 7 accounted for age through the use of age 
standardisation, which removed the effect of differences in age structure, as well as age-specific rates, 
which allowed us to account for age and compare certain age groups. Overall, the findings presented here 
suggest that there is some evidence of health impact in the CSG area. Evidence of health impact is 
stronger for some health conditions compared to others, but the evidence of health impact spans the 
majority of ICD chapters, with only six of the 19 ICD chapters that were analysed not showing any 
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evidence of health impact for all-ages or any age group. While these health conditions do not always align 
with what has been reported in the literature, these conditions should be explored further via models 
adjusted for covariates, as well as sub-chapters within the ICD chapters presented here.  
1.2.1 Limitations associated with the ‘Objective Health Outcomes’ findings 
Considering the findings presented in Table 8.5, there could be differences in observed health 
outcomes between those presented in the literature and those presented here due to the differences 
between shale gas and CSG operations (as described in the Introduction and in Chapter 2) or due to 
various data sources that have been used in different studies. Data presented in Chapters 6 and 7 were 
from hospital admissions; however, there are also separate registers that can be used to assess perinatal 
outcomes and congenital anomalies in Queensland (Perinatal Data Collection), as well as cancer 
notifications (Queensland Cancer Registry), which were not analysed for this thesis. These databases may 
provide more specific data for certain outcomes compared to the data contained in the hospital admissions 
database (i.e., the Queensland Hospital Admitted Patient Data Collection).  
While it would have been ideal to use primary care data, as these data are the most reliable source 
of information for certain diseases or symptoms (Coons & Walker, 2008) and also allow investigation of 
conditions of less severity that do not require hospitalisation, it was not possible to source primary care 
data for this thesis. In order to obtain such data, primary care providers must have electronic records that 
are recorded in a consistent manner across practices and must be able to provide de-identified patient data 
in a timely way (Coons & Walker, 2008). Emergency Department records are another potential data 
source that could usefully inform this topic. Due to the lack of electronic networking in the hospitals 
located within each of the study areas for the duration of the study period (17 years), this was not a viable 
option for this programme of work. The use of the Queensland Hospital Admitted Patient Data Collection 
has a number of limitations. Databases such as this exist for administrative purposes and do not contain 
data collected for research purposes. Hence, they are limited in scope, and are sometimes not comparable 
with other datasets; however, these types of datasets are typically the only datasets available for this type 
of study (Coons & Walker, 2008).   
While hospitalisation data (Chapters 6 and 7) are available at the individual level (episode-based), 
provision of these data for this study was at a group level (according to broad groups of SLAs) due to 
privacy and confidentiality concerns. This was a condition of data access and ethics. Additionally, a 
number of relevant confounders, such as gender, Indigenous status, access to healthcare, and 
socioeconomic status, were not accounted for across the study areas. Accounting for such confounders is 
an important next step in this work. While the CSG and CM areas had similar proportions of Indigenous 
persons, the RA area had approximately three times as many Indigenous persons as the CSG and CM 
areas, which could be one factor that could influence health outcomes as a result of various determinants 
of health and poorer health outcomes. 
Additionally, hospital admissions data were at the episode level. Unique identifiers were not 
provided and repeat admissions were included in the dataset; therefore, each case may not be unique 
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because a resident could have been admitted multiple times for the same primary diagnosis over the study 
time period. For this thesis, data were analysed at the broad ICD chapter code level rather than analysing 
specific sub-chapters. This approach was considered appropriate for this exploratory study as the analyses 
were preliminary and intended to guide future research. Further exploration within these disease chapters 
is required and strongly recommended. 
The use of environmental data in this programme of work was limited due to the lack of 
environmental data available. Chapter 7 used what limited environmental data were available to analyse 
hospital admissions data alongside CSG-specific resource development data. CSG well development 
activity was assessed via numbers of CSG wells; however, it is acknowledged that this measure was not a 
highly sensitive measure as it assumed that all individuals living in the CSG area who were admitted to 
hospital had the same level of exposure. 
It is also important to note that the findings presented here assessed the early stages of CSG well 
development activity and was conducted in areas that are less densely populated (i.e., mainly rural/remote 
areas). This is in contrast to much of the research that has been conducted in the USA where there is a 
higher level of activity and the industry is more mature. For example, states like Colorado and Texas have 
more mature industries and are often situated closer to residential areas. Even shale gas production from 
the Marcellus Shale, which is more recent, has taken off at a much more rapid pace. So, while the CSG 
industry in Queensland is projected to expand, this research examined a lower level of activity relative to 
other areas where UNGD has been researched.  
2 Summary 
Overall, the ERHI assessment used in this research proved to be valuable for identifying evidence 
of health impact in the primary environmental setting of CSG and comparing how these health impacts 
differed from those in the alternative environmental settings. The early stages of the assessment enabled 
scoping out of certain elements that could not be included due to various constraints and the process 
subsequently allowed for successful assessment of available data, including limited environmental data. 
The lack of baseline health data in Queensland means that data were unavailable from which to assess 
changes over time with respect to CSG development. Typically, datasets are often unavailable for every 
ideal measure of interest; therefore, the ERHI assessment was completed using the data that do exist and 
that can be accessed, which allows for providing evidence (or lack thereof) of health impact in the setting 
of interest. 
While UNGD is expanding globally, there are still many unknowns in terms of its impacts. It is 
possible that some ERHIs could manifest years after this research was conducted due to lag times in 
exposure and subsequent disease development, meaning that some of the health outcomes may not yet be 
present. Therefore, it is more likely that potential short-term ERHIs were assessed with the approach used 
in this thesis. Additionally, the findings of this study do not allow for assumptions of causality, which 
would require more in-depth epidemiological studies and more specific data to make any causal links. 
Rather, the findings presented here are a way to identify areas where more in-depth research should 
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occur, with the use of more appropriate study designs and more sophisticated data, to further examine the 
areas of interest that were identified in this thesis.  
The evidence regarding health impacts presented here was derived from an analytical cross-
sectional study and a retrospective cohort study, which included the use of individual data classified by 
broader areas. Other approaches were considered; however, study designs, such as a prospective cohort 
study, were not feasible for this programme of work due to financial and time constraints. Therefore, the 
data used in this assessment were appropriate for the objectives discussed in the Introduction. 
While important to consider, the limitations of the ERHI assessment presented here should be 
considered in the context of the strengths of this research. This is the most detailed study to date in 
Australia regarding the health impacts of UNGD activity, particularly with respect to CSG development. 
Health impacts were measured using subjective and objective data, representing different levels of 
condition severity. This study represents an important advancement in this field, provides evidence on 
which future research can be based, and allows for further elucidation of possible health impacts of 
UNGD activity. 
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Conclusion 
The environmentally-related health impact (ERHI) assessment presented in this thesis allowed for 
the investigation of the impact of coal seam gas (CSG) development through exploring residents’ 
subjectively and objectively measured health experiences across three study areas, which were 
synthesised to present some evidence of health impact in the CSG study area. This was an exploratory 
study that addressed the broad research question and aim outlined in the Introduction. Specifically, ERHIs 
associated with CSG development in Queensland, Australia were addressed. 
This thesis presented some important steps towards addressing gaps in the knowledge about the 
ERHIs associated with CSG development by using an ERHI assessment to comparatively assess these 
impacts. This assessment used three different environmental settings in three geographical study areas, 
building the evidence base for ERHIs related to CSG development in Queensland, Australia.  
The output associated with each of the identified thesis objectives helped to address the overall 
research question (i.e., What are the environmentally-related health impacts of CSG development in 
Queensland, Australia?), which has been answered through the use of the ERHI assessment. The 
assessment presented some evidence of health impact associated with CSG development for a number of 
health outcomes, meaning that residents living in the CSG area did have poorer health outcomes over 
time. The evidence of adverse health impact covered the majority of the International Classification of 
Diseases (ICD) chapters. Most notable were health outcomes associated with all-cause hospitalisations, as 
well as diseases of the eye.  
There was also evidence of higher levels of self-reported environmental distress for certain 
measures in the CSG area compared with the levels in the comparative rural/agricultural environmental 
setting, which could be indicative of certain environmental distress measures being associated with 
resource development activity. While exposure categorisation was broad, there is some factor (or are 
some factors) that have contributed to residents in the CSG area presenting poorer health outcomes for 
certain measures over the time period of CSG development. 
The thesis met the objectives, proposed in the Introduction, Section 4.2, which were as follows: 
 The current strength of evidence of health impact from unconventional natural gas development 
(UNGD) was reviewed to understand the current evidence base and to guide development of the 
assessment, including the environmental settings (Chapter 2);  
 Environmental settings were determined and related health indicators were selected (discussed in 
Chapters 1, 3, and 4) so that the environmentally-related health impacts of UNGD could be 
investigated on an exploratory basis; 
 Geographic areas in Queensland (relevant to the environmental settings) were identified and 
delineated based on land use activities, populations, and available data (Chapter 3); 
 Data were collected, analysed, and interpreted using the following: 
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o Coal seam gas production, as well as CSG well development numbers, to serve as a proxy for 
potential environmental impact of UNGD activities (addressed in Chapters 3 and 7), 
o Subjectively measured self-report health data by residents in the three study areas (Chapter 5), 
and 
o Objectively measured health data through hospital admissions data over 17 years in the same 
three areas (Chapter 6), as well as hospital admissions data in the CSG area in conjunction 
with CSG well development activity (Chapter 7);  
 The findings on evidence of CSG health impact were synthesised and reported, along with the 
implications of the study findings (Chapters 7 and 8); and 
 The results from this assessment informed areas that need to be researched further to examine 
these preliminary findings more in-depth. 
1 Recommendations 
The intent of this programme of work was to use the ERHI assessment to explore signs of impact 
of significant anthropogenic changes potentially brought about by CSG development using comparative 
environmental settings and their respective study areas while minimising the effect of potential 
confounders such as age. Such exploration was set up to guide further research and several areas have 
been identified that should be explored further. Considering this, a number of recommendations have 
emerged from the process, many of which have already been discussed in the previous chapters. 
1.1 Recommendations resulting from the ‘Subjective Health Outcomes’ chapter 
 Future research should include the use of GIS to identify where respondents are located within 
each study area, as well as the stratification of groups. Stratification should include areas 
stratified by varying degrees of CSG development in Australia, which could be useful for future 
studies as the industry becomes more widespread.  
 Future survey-related research should include a broader sampling frame so that residents living 
farther out of town (and most likely nearer to resource development) are included in the sample.  
 Additional confounders should also be factored into the analyses (assuming sufficient sample 
sizes) to determine if there are other factors that influence self-reported health outcomes.  
 There is a need for more studies that examine children’s environmental health in relation to CSG 
development and comparative areas, which would require a sufficient response rate. 
1.2 Recommendations resulting from the ‘Objective Health Outcomes’ chapter 
 An essential next step is accounting for relevant confounders to compare the results from adjusted 
models to unadjusted models and to determine if the relationships presented here hold true when 
accounting for covariates. 
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 It is important to examine gender-specific, as well as age by gender-specific rates, to determine 
what role gender plays in hospitalisation rates for specific ICD chapters and the age groups within 
those ICD chapters.  
 Additional data sources, such as general practitioner data, should be used to analyse higher 
resolution health data so that the findings can be compared to those presented in this thesis.  
 While the focus of this thesis was on CSG, certain health outcomes indicated higher 
hospitalisation rates in the alternative coal mining setting. Future research could explore these 
relationships further to determine specific health outcomes in this setting. 
1.3 Recommendations resulting from the ‘Evidence of CSG Impact’ chapter 
 The recommendations from Section 1.2 can also be applied to the section. 
 Certain analyses presented in Chapter 7 resulted in very wide confidence intervals, which were 
most likely due to sample size issues. Future studies should include larger sample sizes to explore 
this further and see if the relationships hold true.  
 Again, additional factors that can influence health status (e.g., gender, Indigenous status, health 
service availability) should be included in future analyses.  
 If and when appropriate environmental data become available, it would be ideal to analyse the 
health outcomes data in the CSG area alongside a more sensitive measure of CSG well 
development activity. 
1.4 General study recommendations 
 All of the aforementioned data should be analysed alongside data from more urban areas (e.g., 
Brisbane) to determine how the self-reported health outcomes, as well as objective health 
outcomes, from the study areas that were assessed here compare to self-reported health outcomes, 
as well as the objective health outcomes, from residents in more urban areas. Such analyses can 
provide better insight into rural-urban health differences and possibly identify factors that are 
associated with better or poorer outcomes in residents.  
 Due to the large geographic areas used in this programme of work, future studies should analyse 
data using smaller spatial units, if possible. 
 Generally, it is clear that there is a lack of baseline data, which includes health data, as well as 
environmental data.  
o It is imperative that the appropriate government bodies collect such data so that a baseline 
from which to measure (ERHIs) is available as the industry continues to grow (or so that 
baseline data are available in areas where the industry is not yet present).  
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o The collection and analysis of such data, in conjunction with GIS mapping including 
residents’ locations in relation to CSG operations, could allow for a better understanding of 
exposures and how these factor into observed health outcomes.  
 More environmental health studies are needed that focus on CSG development.  
o Ideally, such studies should be comprehensive and well-designed, incorporate environmental 
health data and epidemiological data (prospective studies), allow for monitoring of trends over 
time, and incorporate a comparative element (as was done in this thesis).  
o Prospective studies would allow for assessing long-term health impacts that may have been 
excluded in this thesis.  
o More comprehensive studies, such as those mentioned above, will also require a greater level 
of community commitment and engagement. 
2 Conclusion on the study findings in relation to CSG development 
The impact assessment presented in this thesis showed a novel way in which ERHIs of resource 
development, specifically CSG development, can be examined. The use of this assessment addresses the 
previously identified lack of comparative studies in the context of UNGD. This allows for the 
identification of impacts in each of the study areas and the subsequent comparison of those impacts to the 
impacts found in the primary environmental setting of CSG. This research represents an important 
advancement in this field. Use of the ERHI assessment framework, as implemented for this study, need 
not be limited to investigating CSG impacts, but can also be applied to other situations of environmental 
health impact, using the strength of comparison between a primary environmental setting and 
comparative settings. 
Generally, the self-reported health status of residents living in the CSG study area was not worse 
than the self-reported health status of residents living in the alternative coal mining and rural/agricultural 
areas; however, CSG area respondents did self-report higher levels of environmental distress for certain 
measures. Evidence of health impact in the CSG area was discovered for a number of measures when 
objective health data were examined (i.e., hospitalisation rates), with the strongest observed effects found 
for ‘All-cause’ hospital admissions for all-ages and 35-44 year olds and ‘Eye’ disease admissions for all-
ages.  
This research serves as an important first step towards addressing the ERHIs of CSG development 
in Queensland, Australia. The ERHI assessment that was conducted for this research uncovered some 
evidence of health impact associated with CSG development and suggested areas for future research. 
More studies are needed to examine the identified impacts further. In particular, more studies are required 
in which health outcomes are examined in conjunction with relevant confounders, as well as 
environmental data using smaller spatial units. This is the first study to date in Australia to examine 
health impacts of UNGD activity, using subjective and objective measures of physical and mental health. 
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This study provides evidence on which future research can be based, allowing for further elucidation of 
possible health impacts of UNGD activity. 
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Document C1:  Participant information sheet for participation in the survey (Chapter 5) 
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Document C2:  Informed consent form for participation in the survey (Chapter 5) 
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Document C3:  Materials used to attempt to increase response rate 
The follow-up postcard that was mailed to participants, as well as the flyer placed in various 
communities. 
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The first of two local newspaper articles published on the research presented in this thesis as a way 
to attempt to increase the response rate for those who received surveys. 
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The second of two articles published in a local newspaper to bring attention to this programme of 
work and to attempt to increase the response rate. 
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Document C4:  Survey document pertaining to adults 
Note: As discussed in Chapter 5, some of the variables have been scoped out of this research; 
however, the full survey is shown in Appendix C. 
 
 
 
 
 
Community Public Health Survey A 
A study of natural resource development  
and public health impacts 
 
 
 
 
 
 
 
 
SURVEY A 
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The purpose of this survey is to seek your opinions about community and personal 
health, recent activities, and your feelings about your local community. Your 
answers are anonymous and confidential. Your name and details are NOT 
recorded on this survey.  Please be as honest as you can in your answers. This is 
Survey A. For every family member living in your household who is aged over 16 
years, please complete Survey A (a separate survey for each person). Survey B is 
for children living in your household aged 15 and under. Survey B is much shorter, 
and we ask that parents complete Survey B on the child’s behalf, or that the child 
completes the survey under the close supervision of the parent. Please return 
completed Survey B in the envelope with completed Survey A. If you need more 
surveys please contact us (Angela Werner, phone: 3346 4032 email: 
a.werner2@uq.edu.au).  
 
There are many questions in this survey and we appreciate that it may take some 
time to fill out. We are very grateful for your assistance. You do not have to fill out 
the survey all at one time, but it is good if you can fill it out over one day. It is best 
if you complete the entire survey, but if you choose not to answer some questions, 
we would still like you to return the survey to us. Thank you very much for 
completing the survey – we believe this is important work and will help us to 
understand the health issues that are important for your community.  
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A. The following questions are about your personal circumstances. Please answer the questions 
honestly, to the best of your ability. 
A1.  Gender:  
 
 
A2.  Age:  ____________ 
 
A3.  Current relationship status (please tick one box): 
 
 
Never married 
 
Married/living with a partner 
 
Divorced/separated 
 
Widowed 
A4. Highest level of education completed (please tick one box):  
 
No school 
 
Primary school 
 
Junior certificate or 
equivalent (up to Grade 
10) 
      
 
Completed high school   
(year 12)  
 
Currently in high school 
 
Apprenticeship/Trade 
Certificate 
      
 
Currently doing 
apprenticeship  / trade 
certificate 
 
TAFE (Certificate, 
Diploma, Advanced 
Diploma) 
 
Tertiary - undergraduate 
      
 
Tertiary – postgraduate  
 
Currently at 
university/TAFE 
  
A5. Which of the following best describes YOUR current work situation? (please tick one box): 
 
Self-employed 
 
Employed full-time 
 
Employed part-time 
      
 
Employed on casual basis  
 
Not employed, but 
looking for work 
 
Not employed, not looking 
for work 
      
 
Student 
 
Retired 
 
Invalid pensioner 
      
A6. Please state your occupation. 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
  
 
Male 
 
Female 
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A7. Household income.  
a. Please tick the box which best describes the average gross (before tax) income you receive each 
week, including pensions, allowances and financial support from parents. 
b. Please tick the box which best describes the average gross (before tax) income your household 
receives each week (e.g., you and your partner or you and your parents sharing a house). 
Tick one box for yourself and tick one box for your household. 
 a. Self b.   Household 
No income 
  
$1-$119 ($1-$6,239 annually) 
  
$120-$299 ($6,240-$15,599 annually) 
  
$300-$499 ($15,600-$25,999 annually) 
  
$500-$699 ($26,000-$36,399 annually) 
  
$700-$999 ($36,400-$51,999 annually) 
  
$1,000-$1,499 ($52,000-$77,999 annually) 
  
$1,500-$1,999 ($78,000-$103,999 annually) 
  
$2,000-$2,499 ($104,000-$129,999 annually) 
  
$2,500-$2,999 ($130,000-$155,999 annually) 
  
$3,000 or more ($156,000 or more annually) 
  
Don’t know 
  
None of these categories accurately reflect my income 
  
Don’t want to answer 
  
I live alone (household income is the same as mine)  
 
 
A8. Housing. Please tick the box which best describes the house you are living in now:  
 
 
Owned by you or someone in household with mortgage/loan 
  
 
Owned by you or someone in household without mortgage/loan 
  
 
Rented 
  
 
Occupied without payment of rent 
 
 
A9. How many people live in your household: _____________ 
 
SURVEY A  Appendix C: Document C4 – Survey pertaining to adults 
This survey is anonymous and confidential 264 
A10. How long have you lived in this community? 
 
Entire life 
 
20 years or more 
 
10-19 years 
 
6-9 years 
 
2-5 years 
 
1-2 years 
 
1 year or less     
      
A11. When did earlier generations of your family move to this community (including wider family)? 
  
 
Not applicable 
 
Before 1900 
    
 
1901-1950 
 
1951-present 
 
 
Tick here if you have lived in the community for less than 1 year (go to Section B) 
A12. How do you think the following aspects of your community have changed within the past 1-3 years 
(tick one box per row): 
 
 Has got 
worse 
Has stayed 
the same 
Has got 
better 
Don’t 
know 
Availability of jobs     
Quality of public schools     
Quality of medical services/health care     
Availability of affordable housing     
Roads and streets     
Levels of crime/violence     
Health of community members     
Quality of the natural environment     
Neighbourliness/friendliness     
Events/activities/recreation opportunities     
Job training opportunities     
Overall quality of life     
Overall cost of living     
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B. The questions in this section are about health issues you may have experienced. It does not matter if 
you have seen a doctor, pharmacist, or visited the hospital for this health issue.  Place a tick next to a 
symptom if you have experienced it in the past week or the past month, or only sometimes.  Please 
tick only ONE box per symptom.  If you have not experienced that symptom, don’t tick any box. 
 
 
Last 
week 
Last 
month 
Some- 
times 
 Last 
week 
Last 
month 
Some- 
times 
Fever     Pain in the chest    
Weight gain (>4.5 
kg)    
Heart pounding 
(palpitations)    
Weight loss (>4.5 
kg)    
Trouble swallowing    
Feeling sickly     
Heartburn or 
stomach gas    
Headaches    
Stomach pain or 
cramps    
Unusual fatigue    Nausea    
Swollen glands     Vomiting    
Blue lips, skin, or 
nose    
Diarrhoea    
Loss of appetite    Constipation    
Skin rash or hives    Dark or bloody stools    
Unusual bruising 
or bleeding    
Problems with 
urination    
Dermatitis    Discoloured urine    
Other skin 
problems    
Gynaecological 
(female) problems    
Nosebleeds    Sexual problems    
Loss of hair    Burning in sex organs    
Dry eyes     Dizziness    
Irritated, burning 
eyes    
Loss of balance    
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Last 
week 
Last 
month 
Some- 
times 
 Last 
week 
Last 
month 
Some- 
times 
Frequently watery 
eyes    
Muscle pain, aches, 
cramps    
Blurred vision    Muscle weakness    
Other eye 
problems    
Paralysis of arms or 
legs    
Hearing problems    
Numbness or tingling 
in arms or legs    
Ringing in the ears    Fainting spells    
Stuffy nose    Swelling of hands    
Sinus problems    Swelling of ankles    
Allergies    
Swelling of other 
joints    
Problems with 
smell or taste    
Joint pain    
Sores in the mouth    Back pain    
Dry mouth    Neck pain    
Lump in your 
throat    
Problems with 
thinking    
Cough    
Problems with 
memory    
Shortness of 
breath    
Problems with 
sleeping    
Asthma    
Problems with social 
activities    
Wheezing        
B1b. Please tick here if you have had none of these symptoms over the past week, month, or 
sometimes: 
 
B1c. Have you had any other symptoms that are not included in the table above? 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
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B2. Think about the 3 symptoms from the list above that cause you the most concern.  
a. Symptom 1 (please specify): ___________________ 
How regularly do you typically experience this symptom (please circle ONE answer)? 
Less often 
than once 
per year 
Once or 
twice a 
year 
Every 
few 
months 
Once per 
month 
Once per 
fortnight 
Once per 
week 
More than 
once per 
week 
Daily 
 
b. Symptom 2 (please specify): ___________________ 
How regularly do you typically experience this symptom (please circle ONE answer)? 
Less often 
than once 
per year 
Once or 
twice a 
year 
Every 
few 
months 
Once per 
month 
Once per 
fortnight 
Once per 
week 
More than 
once per 
week 
Daily 
 
c. Symptom 3 (please specify): ___________________ 
How regularly do you typically experience this symptom (please circle ONE answer)? 
Less often 
than once 
per year 
Once or 
twice a 
year 
Every 
few 
months 
Once per 
month 
Once per 
fortnight 
Once per 
week 
More than 
once per 
week 
Daily 
 
B3. For symptoms that you have ticked in the table above have you (tick one box for each row): 
 No Yes 
 Been to the doctor?   
 Been to a pharmacist?   
 Been admitted to the hospital?   
 Been to the Emergency Department?   
 Received a diagnosis?   
 
B4. For any of the symptoms you have ticked in the table above, if you have received a diagnosis, what 
is your diagnosis? Please describe what the physician has given as a diagnosis and what is being done to 
treat the problem. 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
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C. The questions in this section are about your health. Some questions may be similar to the last section, 
but please take the time to answer the questions to the best of your knowledge. Again, these answers 
will remain confidential. 
C1. Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the 
statement applied to you over the past week.  There are no right or wrong answers.  Do not spend too 
much time on any statement. 
The rating scale is as follows: 
 
Did not 
apply to 
me at all 
Applied to me 
to some 
degree, or 
some of the 
time 
Applied to 
me a 
considerable 
degree, or a 
good part of 
the time 
Applied to 
me very 
much, or 
most of 
the time 
I found it hard to wind down 0 1 2 3 
I was aware of dryness of my mouth 0 1 2 3 
I couldn’t seem to experience any positive 
feeling at all 
0 1 2 3 
I experienced breathing difficulty (e.g., 
excessively rapid breathing, 
breathlessness in the absence of physical 
exertion) 
0 1 2 3 
I found it difficult to work up the initiative 
to do things 
0 1 2 3 
I tended to over-react to situations 0 1 2 3 
I experienced trembling (e.g., in the hands) 0 1 2 3 
I felt that I was using a lot of nervous 
energy 
0 1 2 3 
I was worried about situations in which I 
might panic and make a fool of myself 
0 1 2 3 
I felt that I had nothing to look forward to 0 1 2 3 
I found myself getting agitated 0 1 2 3 
I found it difficult to relax 0 1 2 3 
I felt down-hearted and blue 0 1 2 3 
I was intolerant of anything that kept me 
from getting on with what I was doing 
0 1 2 3 
I felt I was close to panic 0 1 2 3 
I was unable to become enthusiastic about 
anything 
0 1 2 3 
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Did not 
apply to 
me at all 
Applied to me 
to some 
degree, or 
some of the 
time 
Applied to 
me a 
considerable 
degree, or a 
good part of 
the time 
Applied to 
me very 
much, or 
most of 
the time 
I felt I wasn’t worth much as a person 0 1 2 3 
I felt that I was rather touchy 0 1 2 3 
I was aware of the action of my heart in 
the absence of physical exertion (e.g., 
sense of heart rate increase, heart missing 
a beat) 
0 1 2 3 
I felt scared without any good reason 0 1 2 3 
I felt that life was meaningless 0 1 2 3 
 
C2. Please answer every question. Some questions may look like others, but each one is different. Please 
take the time to read and answer each question carefully.  
Questions C2 – C9 contain the SF-36 health survey (not shown here due to licensing 
restrictions) 
C10. Feelings about living in your community area.  
Below are statements about living in your community area. Please indicate whether you agree or 
disagree with each (tick one box per row). 
 
 Strongly 
disagree 
 Disagree Neither agree 
nor disagree 
Agree Strongly 
agree  
I am proud of the heritage of 
this place 
     
I would continue to live in this 
place even if I were given the 
opportunity to leave 
     
My sense of who I am is linked 
to the environment where I live 
     
I get comfort or peace of mind 
from this place 
     
I feel I know every rock, nook 
and cranny around these parts 
     
I feel a deep connection to this 
place 
     
I would rather live somewhere 
different; this is not the place 
for me 
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C11. In the table below are environmental issues that you may have experienced in your community 
area. Please indicate how often you have experienced the following issues (tick one box per row). 
 
Never Rarely Sometimes Often Nearly 
always 
Visual air pollution (haze, smog, smoke) 
     
Smoke from household fireplaces 
     
Dust (coal dust, dust from open-cut mine 
blasting, dust from traffic, dust from well 
drilling, or agriculture) 
     
Air pollution from power stations 
     
Foul smelling air from industrial activity 
     
Heavy vehicle movements (e.g., trucks on 
roads) 
     
Noise from industrial activities 
     
Vibration or shaking (from open-cut 
blasting, trucks, compressor stations (also 
called pumping stations, which compress 
gas to move it through pipelines)) 
     
Pollution of land (e.g., chemicals, pesticides, 
heavy metals) 
     
Pollution of rivers or creeks (e.g., salinity, 
chemicals, effluent, heavy metals, gas 
bubbling to surface) 
     
Pollution of drinking water (dams, water 
tanks, aquifers, bore water) 
     
Contamination of piped town water (water 
mains) 
     
 
C12. What is the source of drinking water for your house (tick one box)? 
Bore water Town water 
Rainwater Other (specify):____________ 
 
Strongly 
disagree 
Disagree Neither agree 
nor disagree 
Agree  Strongly 
agree  
I feel a sense of responsibility 
to the people of this place 
     
I feel I have a duty to maintain 
the land for future generations 
     
Because of the changes to this 
place, I would leave if I could 
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C13. What water do you currently drink in your house (tick all that apply)? 
C14. If you have noticed pollution of drinking water in your area, what have you noticed (tick all that 
apply)? 
 Cloudy, ‘dirty’ looking  Strange taste 
 Particles in water  Other (Specify): ____________________ 
 
C15. Has your drinking water been tested (tick one box)? 
 No (go to question C16)  Yes  Cannot recall (go to Q C16) 
a. If yes, approximately when? ______________________ 
b. By whom? ____________________________________ 
c. Were the results communicated to you?  
C16. If you have noticed dust and/or visual air pollution, what do you think the source(s) may be? 
__________________________________________________________________________________ 
C17. If you have noticed foul smelling air: 
a. How many days per week do you notice these odours? _________ 
b. Please describe the odour(s) you notice (e.g., rotten eggs, manure, chlorine): 
_____________________________________________________________________________________
_______________________________________________________________________ 
C18. Are you aware of any air quality testing that has been done in your area (tick one box)? 
 No (go to question C19)  Yes 
a. If yes, approximately when? ______________________ 
b. By whom? ____________________________________ 
c. Were the results communicated to you?  
  
 Unfiltered tap water  Filtered tap water 
 Bottled water  Other (specify):____________ 
 No  Yes 
 No  Yes 
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C19. Have you ever personally observed or experienced the following environmental issues in your 
community area (tick one box per row)? 
 
 No Yes  
Unsatisfactory rehabilitation of an open-cut mine site, of a coal seam gas 
pipeline/well site, or of a natural resource area 
  
Heritage destruction (historic buildings, villages, cemeteries, or sacred 
sites/middens) 
  
Large-scale change to the natural landscape (dams, open-cut voids, removal of hills, 
altering watercourses, compressors, pipelines) 
  
Pollution from waste disposal sites and management (industrial or household 
waste) 
  
Land subsidence (cracks or depressions in ground or water courses) 
  
Loss of native vegetation and animals due to environmental change (e.g., land 
clearing, industrial activity, housing) 
  
Soil erosion 
  
Damage to houses and/or business buildings from mining, coal seam gas operations, 
agriculture 
  
Noise, pollution, and vibration from frequent trains, traffic, large trucks 
  
 
C20. In your community area, please indicate how threatening each of the following issues are to you 
and your family (tick one box per row). 
 
No 
threat 
Low 
threat 
Moderate 
threat 
Strong 
threat 
Extreme 
threat 
Unsure Not 
applicable 
Visual air pollution (haze, 
smog, smoke) 
       
Dust (coal dust, dust from 
open-cut mine blasting, dust 
from traffic, dust from well 
drilling, or agriculture) 
       
Smoke from household 
fireplaces 
       
Air pollution from power 
stations 
       
Foul smelling air from 
industrial or agricultural 
activity 
       
Heavy vehicle movements 
(e.g., trucks on roads) 
       
Noise from industrial 
activities 
       
Vibration or shaking (from 
open-cut blasting, trucks, 
compressor stations) 
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No 
threat 
Low 
threat 
Moderate 
threat 
Strong 
threat 
Extreme 
threat 
Unsure Not 
applicable 
Damage to houses and/or 
business buildings from 
mining 
       
Heritage destruction 
(historic buildings, villages, 
cemeteries, or sacred 
sites/middens) 
       
Land subsidence (cracks or 
depressions in ground or 
water courses) 
       
Pollution of land (e.g., 
chemicals, pesticides, heavy 
metals) 
       
Large-scale change to the 
natural landscape (dams, 
open-cut voids, removal of 
hills, altering watercourses, 
compressors, pipelines) 
       
Pollution from waste 
disposal sites and 
management (industrial, 
household waste) 
       
Pollution of rivers or creeks 
(e.g., salinity, chemicals, 
pesticides, heavy metals, gas 
bubbling to surface) 
       
Pollution of drinking water 
(dams, water tanks, aquifers, 
bore water) 
       
Loss of native vegetation and 
animals due to 
environmental change (e.g., 
land clearing, industrial 
activity, housing) 
       
Contamination of piped 
town water (water mains) 
       
Noise, pollution, and 
vibration from frequent 
trains, traffic, large trucks 
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C21. Below are possible impacts of environmental change in your community area. Please indicate 
whether you agree or disagree with each statement (tick one box per row).  
 
 
Strongly 
disagree  
Disagree Neither 
agree 
nor 
disagree 
Agree  Strongly 
agree  
Not 
applicable 
Economic benefits of industrial 
development (e.g., jobs) are more 
important than any concerns I 
might have about the local 
environment 
      
I am unable to enjoy life as much as 
I’d like because of local 
environmental problems 
      
I feel positive about local 
environmental changes 
      
Claims about sickness being caused 
by environmental pollution are 
exaggerated 
      
My community is divided by 
disagreements about 
environmental issues 
      
People I know have become 
physically ill because of pollution in 
the local environment 
      
I am upset at the destruction of 
heritage buildings and landmarks 
due to industrial development 
      
There is a lot of cancer locally 
because of environmental pollution 
      
I am disturbed that decisions about 
development activity here do not 
give higher priority to long-term 
land use for future generations 
      
Industry funding of community 
projects is genuinely helpful to our 
area (should occur in our area) 
      
My ability to make a living has been 
negatively affected by 
environmental problems 
      
I feel angry about degradation in 
my local environment 
      
I am worried about risks to human 
health from nearby environmental 
pollution 
      
I am concerned that future 
generations will not be able to 
enjoy the natural environment 
      
  
SURVEY A  Appendix C: Document C4 – Survey pertaining to adults 
This survey is anonymous and confidential 275 
 
Strongly 
disagree 
Disagree Neither 
agree 
nor 
disagree 
Agree  Strongly 
agree  
Not 
applicable 
I am worried that environmental 
problems are causing birth defects 
in this area 
      
I am frustrated because I can’t 
influence decisions about the 
environment 
      
I am concerned environmental 
problems will cause illness to 
myself or my family 
      
I am satisfied with the 
government’s efforts to monitor 
environmental impacts from local 
industrial development 
      
Environmental changes in my 
locality are decreasing the value of 
my home/property 
      
People in this area feel frustrated 
because community groups have 
limited power to influence 
environmental decisions 
      
People I know have given up trying 
to preserve the environment 
because they feel powerless 
      
The overall impact of industrial 
development in this area is 
depressing 
      
There is a lot of asthma locally 
because of air pollution 
      
People I know have become 
disillusioned trying to negotiate 
their rights in relation to the impact 
of industrial development 
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C22. Please indicate whether you agree or disagree with the following statements relating to change in 
your local environment in your community area (tick one box per row)? 
 
Strongly 
disagree 
Disagree  Neither 
agree 
nor 
disagree 
Agree  Strongly 
agree  
Not 
applicable 
My sense of belonging to this 
place has been undermined by 
unwelcome change 
      
I am sad that familiar animals, 
plants, and fish are disappearing 
from this place 
      
I am worried that aspects of this 
place that I value are being lost 
(e.g., clean air and water, 
beautiful scenery) 
      
I miss having the sense of peace 
and quiet I once enjoyed in this 
place 
      
I am ashamed of the way this 
area looks now 
      
A farming lifestyle that depends 
on good land and water is being 
threatened by environmental 
change 
      
Unique aspects of nature that 
made this place special are being 
lost forever 
      
I am saddened when I look at 
degraded landscapes and open-
cut mine voids (wells, 
compressor stations, and 
pipelines) 
      
The thought of my family being 
forced to leave this place upsets 
me 
      
I feel good about the restoration 
of the environment (e.g., mine-
site rehabilitation, rehabilitation 
of a CSG pipeline/well site area 
or of a natural resource area) 
      
D. The questions in the next section are specifically about your knowledge of resource development in 
your community.  
D1. In the past 1-3 years, do you think agriculture productivity in your community has decreased, 
increased, or remained the same?  
 
 Decreased   Increased  Remained the same 
D2. Are there any coal seam gas wells or pipelines anywhere within 15 kilometres of where you live? 
 
 No   Yes  Don’t know 
I 
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D3. Please rate your knowledge of the following areas on a scale of 1 to 5 (tick one box per row). 
 
 None or 
almost 
none 
Some 
but not 
much  
Reasonable Above 
average  
A great 
deal 
Economic impacts of the natural gas industry      
Social impacts of natural gas development on 
communities 
     
Effects of gas drilling on the natural environment 
(streams, aquifers, bore water, fish, wildlife) 
     
Implications of natural gas drilling for water 
quality and/or quantity 
     
D4. How much do you know about each of the following (tick one box per row)? 
 
None or 
almost 
none 
Very 
little 
Some but 
not much 
A good 
bit 
A great 
deal 
Gas drilling procedures and practices      
Procedures of allowing companies to develop on 
your land 
     
Impacts of gas development on local 
governments 
     
Government regulations related to gas well 
drilling 
     
Jobs or job-training opportunities related to gas 
development 
     
 
D5. Indicate how much each of the following has contributed to what you know about gas well drilling 
in Queensland (tick one box per row)?  
 
None Very 
little 
About half 
of what I 
know  
A lot of 
what I 
know 
All of 
what I 
know  
Media (newspapers, radio, television)      
Coal seam gas (CSG) industry representatives      
Internet      
Neighbours/friends/relatives      
Environmental regulatory agencies      
Community CSG meetings      
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D6. In the past twelve months, have you (tick one box per row): 
 
No Yes 
Written ‘letters to the editor’ of a newspaper? 
  
Made a submission in response to an Environmental Impact Statement (EIS) for a 
proposed development? 
  
Discussed environmental concerns in your area with others? 
  
Attended a community meeting discussing environmental concerns? 
  
Stayed indoors to avoid air pollution? 
  
Contacted by e-mail, phone, or letter, the media or government officials about the 
environment?  
  
Contacted public health or water authorities about environmental problems? 
  
Contacted the Environmental Protection Authority (EPA) about a problem in the 
environment (e.g., EPA Hotline)? 
  
Signed a petition opposing developments which you felt would harm the 
environment? 
  
Spoken or commented at a public meeting about environmental concerns? 
  
Actively participated in a group working on environmental concerns?   
Attended a Community Consultative Meeting for a specific industry (e.g., mine, CSG, 
agriculture, power station)? 
  
Participated in Landcare or any other local environmental rehabilitation work? 
  
Sought information on environmental issues (e.g., from the internet, a library, 
databases)? 
  
Modified your home to reduce the effects of pollution (e.g., purify air/water, install 
air conditioning or double glazing)? 
  
Given money to a group working on issues related to environmental concerns? 
  
 
D7. Have you been approached by a coal seam gas (CSG) company within the last 7 years seeking to 
access your land for gas drilling or for laying gas pipelines? 
 
 
No (go to question D10) 
 
Yes 
D8. If you were asked to sign a contract to allow gas drilling or the laying of gas pipelines on your land, 
how willing would you be to do so? 
 
  
 
I’ve already signed a contract 
 
I have not already signed a contract, but would 
be willing to do so 
    
 
I would not want to sign a 
contract 
 
Don’t know 
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D9. Please tick one box in each row, and if not applicable to you, please tick the ‘not applicable’ box. 
 
Very 
dissatisfied  
Dissatisfied  Neither 
satisfied 
not 
dissatisfied 
Satisfied  Very 
satisfied  
Not 
applicable 
If you have already signed a 
contract, how satisfied are 
you with the terms of the 
contract? 
      
If you have had gas drilling or 
pipe laying on your land, how 
satisfied are you with this 
activity? 
      
 
D10.  Are any members of your household employed (either part-time, full-time, or on a casual basis) by 
a coal seam gas or coal seam gas-related company which is drilling or laying pipelines (or preparing to 
do so)? 
 No Yes 
Yourself 
  
Your spouse / partner 
  
Your child(ren) who still live at home 
  
Your child(ren) who no longer live at home 
  
D11.  Are any members of your household employed (either part-time, full-time, or on a casual basis) by 
a coal mining, mining, or related company? 
 No Yes 
Yourself 
  
Your spouse / partner 
  
Your child(ren) who still live at home 
  
Your child(ren) who no longer live at home 
  
 
D12. Do any members of your household deal directly with pesticides or other chemicals (mixing, 
application, other direct handling)? 
 No Yes 
Yourself 
  
Your spouse / partner 
  
Your child(ren) who still live at home 
  
Your child(ren) who no longer live at home 
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D13. Tick one box per row that best represents your feelings. 
 
Strongly 
oppose 
Somewhat 
oppose 
Neither 
oppose 
nor 
support 
Somewhat 
support 
Strongly 
support 
Overall, how do you feel about coal 
seam gas development? 
     
Overall, how do you feel about coal 
mining/mining development? 
     
Overall, how do you feel about 
expanding agricultural development? 
     
E. The questions in the next section are about your typical lifestyle. People often feel concerned or 
anxious about answering these questions. We remind you that all answers in this survey are 
anonymous and confidential. 
E1. Alcohol consumption 
E1. Do you drink alcohol? 
 
No (go to question E3) 
 
Yes 
E1a. If yes, how often do you drink alcohol? (tick one box only) 
 
Every day 
 
2-3 times per week 
 
Once per week 
 
Once per fortnight 
 
Once per month 
 
Once every 2-3 months 
      
 
Once every 6 months 
 
Once per year or less 
often 
  
E1b. When you drink alcohol, how many drinks do you USUALLY have per drinking occasion? Please be 
as specific as you can in your answer – include type of alcohol, brand, and number of drinks in the 
space below.  
For example – 2 glasses of white wine, 3 stubbies of XXXX, a glass of sherry, vodka cruiser; JD and coke 
that I pour myself; bottle of Bundy rum.  
 
_____________________________________________________________________________________
_____________________________________________________________________________________ 
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E2. Thinking about the type of drink you described in the space above, please indicate how often you 
drink: 
 More 
than once 
per week 
Once per 
week 
Once per 
fortnight 
Once per 
month 
Once every 
2-3 
months 
Less 
frequently 
(< every 3 
months) 
Never 
2 drinks or 
more 
       
 
 
E3. Smoking 
E3a. Do you smoke tobacco, or have you ever smoked tobacco in the past? 
 
No (go to question E5) 
 
Yes 
 
  
 More 
than once 
per week 
Once per 
week 
Once per 
fortnight 
Once per 
month 
Once every 
2-3 
months 
Less 
frequently 
(< every 3 
months) 
Never 
4 drinks or 
more 
       
 More 
than once 
per week 
Once per 
week 
Once per 
fortnight 
Once per 
month 
Once every 
2-3 
months 
Less 
frequently 
(< every 3 
months) 
Never 
6 drinks or 
more 
       
 
No Yes Have done in the 
past, but not 
currently 
Do you smoke cigarettes? 
   
Do you smoke cigars? 
   
Do you smoke a pipe?    
Do you use smokeless (chewing) tobacco? 
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E4. If yes to any of the above (EX-smokers answer for typical behaviour when you used to smoke):   
If you have EVER smoked any tobacco product, how many years have you 
smoked/used tobacco? __________ 
How many cigarettes do you typically smoke in one day? 
__________ 
How many cigars do you typically smoke in one day? 
__________ 
How many pipes of tobacco do you typically smoke in one day? 
__________ 
How many grams of smokeless tobacco do you typically use in one day? 
__________ 
E5. Drug use - As a reminder, this survey is confidential and voluntary. 
E5. Do you use any recreational drugs (e.g., cannabis, heroin, ecstasy, methamphetamines, prescription 
drugs, etc.)? 
 
No (go to question E6) 
 
Yes 
b. If you answered yes, have you used any recreational drugs in the past 12 months? 
 
No 
 
Yes 
 
E6. Exercise and diet 
E6. Do you exercise?  
 
No (go to question E7) 
 
Yes 
E6a. If yes, how often do you exercise for at least 30 minutes (tick one box only)? 
 
Every day 
 
2-3 times per week 
 
Once per week 
      
 
Once per fortnight 
 
Once per month 
 
Once every 2-3 months 
      
 
Less often 
 
Never   
E7. How often do you eat the recommended 2 serves of fruit and 5 serves of vegetables per day (tick 
one box only)? 
 
Every day 
 
2-3 times per week 
 
Once per week 
      
 
Once per fortnight 
 
Once per month 
 
Once every 2-3 months 
      
 
Less often 
 
Never   
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If you have any additional comments on anything related to the survey, please feel free to write them 
in this space: 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
Thank you very much for completing this survey. We know that it may have taken you some time and 
we appreciate your efforts. We are very grateful for your assistance.  We believe this is important work 
and will help us to understand the health issues that are important for your community. If you have any 
questions or concerns about this research, please contact us (Angela Werner, phone: 3346 4032; email: 
a.werner2@uq.edu.au). 
 
Thank you! 
 
 284 
Document C5:  Survey document pertaining to children 
Note: As discussed in Chapter 5, the response rate for this survey was exceptionally low; therefore, 
the responses for this survey were not analysed for this thesis. 
 
 
 
 
Community Public Health Survey B 
A study of natural resource development  
and public health impacts 
 
 
 
 
 
 
 
 
 
 
 
SURVEY B 
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The purpose of this survey is to capture symptoms that children in your area may 
be experiencing. For children aged less than 16 yrs, we ask that parents complete 
this short children’s survey on the child’s behalf, or, if you feel it is appropriate, 
that the child completes the survey under the close supervision of the parent. Your 
answers are anonymous and confidential. Your child’s name and details are NOT 
recorded on this survey.  Please be as honest as you can in your answers. This is 
Survey B. Please complete a separate children’s survey for each child (under 16 
years) living in your home. Please return completed Survey B in the envelope with 
completed Survey A. If you need more child surveys than what has been included, 
please contact us (Angela Werner, phone: 3346 4032 email: 
a.werner2@uq.edu.au). We are very grateful for your assistance. Thank you very 
much for completing the survey – we believe this is important work and will help 
us to understand the health issues that are important for your community. 
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A.  The following questions are general demographics. 
 
A1.  Gender:     Male     Female 
 
 
A2.  Age:  ____________  
  
 
Continued on next page...  
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B. The questions in this section are about health issues your child may have experienced. It does not 
matter if your child has seen a doctor, pharmacist, or visited the hospital. Place a tick next to a 
symptom if your child has experienced it in the past week or the past month, or only sometimes.  
Please tick only ONE box per symptom.  If your child has not experienced that symptom, don’t tick any 
box. 
 
Last 
week 
Last 
month 
Some- 
times 
 Last 
week 
Last 
month 
Some- 
times 
Fever     Wheezing    
Weight gain (>4.5 
kg)    
Pain in the chest    
Weight loss (>4.5 
kg)    
Heart pounding 
(palpitations)    
Feeling sickly     Trouble swallowing    
Headaches    
Heartburn or stomach 
gas    
Unusual fatigue    
Stomach pain or 
cramps    
Swollen glands    Nausea    
Blue lips, skin, or 
nose    
 Vomiting    
Loss of appetite    Diarrhoea    
Skin rash or hives    Constipation    
Unusual bruising 
or bleeding    
Dark or bloody stools    
Dermatitis    
Problems with 
urination    
Other skin 
problems    
Discoloured urine    
Nosebleeds    Dizziness    
Loss of hair    Loss of balance    
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Last 
week 
Last 
month 
Some- 
times 
 Last 
week 
Last 
month 
Some- 
times 
Dry eyes     
Muscle pain, aches, or 
cramps    
Irritated, burning 
eyes    
Muscle weakness    
Frequently watery 
eyes    
Paralysis of arms or 
legs    
Blurred vision    
Numbness or tingling 
in arms or legs    
Other eye 
problems    
Fainting spells    
Hearing problems    Swelling of hands    
Ringing in the ears    Swelling of ankles    
Stuffy nose    Swelling of other joints    
Sinus problems    Joint pain    
Allergies    Back pain    
Problems with 
smell or taste    
Neck pain    
Sores in the mouth    Problems with thinking    
Dry mouth    
Problems with 
memory    
Lump in your 
throat    
Problems with sleeping    
Cough    
Problems with social 
activities    
Shortness of 
breath    
Anxiety – feeling 
nervous    
Asthma        
 
B1b. Please tick here if your child has had none of these symptoms over the past week, month, or 
sometimes: 
 
B1c. Has your child had any other symptoms that are not included in the table above? 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
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B2. Think about your child’s 3 symptoms from the list above that cause you the most concern.  
a. Symptom 1 (please specify): ___________________ 
How regularly does your child typically experience this symptom (please circle ONE answer)? 
Less often 
than once 
per year 
Once or 
twice a year 
Every few 
months 
Once per 
month 
Once per 
fortnight 
Once per 
week 
More than 
once per 
week 
Daily 
 
b. Symptom 2 (please specify): ___________________ 
How regularly does your child typically experience this symptom (please circle ONE answer)? 
Less often 
than once 
per year 
Once or 
twice a year 
Every few 
months 
Once per 
month 
Once per 
fortnight 
Once per 
week 
More than 
once per 
week 
Daily 
 
c. Symptom 3 (please specify): ___________________ 
How regularly does your child typically experience this symptom (please circle ONE answer)? 
Less often 
than once 
per year 
Once or 
twice a year 
Every few 
months 
Once per 
month 
Once per 
fortnight 
Once per 
week 
More than 
once per 
week 
Daily 
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B3. For symptoms that you have ticked in the table, has your child (tick one box for each row): 
 No Yes 
a. Been to the doctor?   
b. Been to a pharmacist?   
c. Been admitted to the hospital?   
d. Been to the Emergency Department?   
e. Received a diagnosis?   
 
B4. For symptoms you have ticked in the table above, if your child has received a diagnosis, what is 
his/her diagnosis? Please describe what the physician has given as a diagnosis and what is being done to 
treat the problem. 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
Thank you very much for completing this survey. We know that it may have taken you some time and 
we appreciate your efforts. We are very grateful for your assistance.  We believe this is important work 
and will help us to understand the health issues that are important for your community. If you have any 
questions or concerns about this research, please contact us (Angela Werner, phone: 3346 4032 email: 
a.werner2@uq.edu.au).   
 
Thank you! 
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Document C6:  Participant information sheet for participation in the interview 
Note: As discussed in Chapter 5, this component was scoped out of the research due to resource 
constraints; however, the full contents of the mailed document package are contained in Appendix C. 
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Document C7:  Informed consent form for participation in the interview 
Note: As discussed in Chapter 5, this component was scoped out of the research due to resource 
constraints; however, the full contents of the mailed document package are contained in Appendix C. 
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Variable 
 Year of age (capped at 85 years +) 
 Gender 
 Indigenous status 
 External cause code 
 Principal diagnosis code (International Classification of Diseases, version 9, Australian 
Modification (ICD-9-AM) or International Classification of Diseases, version 10, Australian 
Modification (ICD-10-AM)) 
 2nd-5th patient diagnosis codes 
 Activity code 
 Length of stay (capped at 30 days +) 
 Year of admission 
 Month of admission 
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Table H1. SF-36 scores for three study areas in Queensland, Australia, and Australian normative data.abc 
 Australia  
Mean (sd) 
CSG 
Mean (sd) 
CM 
Mean (sd) 
RA 
Mean (sd) 
Physical function 49.8 (10.1) 77.1 (25.0) 80.1 (21.5) 71.7 (29.0) 
n  158 120 115 
Role–physical 49.9 (10.1) 69.3 (40.0) 70.9 (37.2) 66.6 (41.9) 
n  163 120 113 
Bodily pain 49.9 (10.0) 64.3 (29.0) 66.1 (28.8) 62.1 (29.2) 
n  162 121 115 
General health 49.9 (10.1) 65.5 (23.2) 63.7 (21.6) 64.4 (21.8) 
n  161 119 115 
Role–emotional 50.0 (10.1) 79.2 (34.2) 77.1 (36.3) 76.7 (38.3) 
n  160 119 112 
Mental health 50.0 (10.1) 67.4 (15.3) 65.4 (14.4) 65.8 (13.9) 
n  142 100 97 
Social function 50.0 (10.1) 80.7 (26.0) 78.5 (24.8) 79.7 (24.7) 
n  165 123 115 
Vitality 49.8 (10.0) 53.3 (18.8) 50.2 (19.6) 51.7 (18.2) 
n  162 120 110 
Physical component summary 49.8 (10.3) 66.4 (25.9) 68.6 (21.2) 68.2 (22.9) 
n  140 91 96 
Mental component summary 50.0 (9.9) 65.4 (24.3) 68.6 (21.2) 68.2 (22.9) 
n  140 91 96 
a Note: There was missing data for some variables in each of the study areas. CSG = coal seam gas; CM = coal mining; and 
RA = rural/agricultural 
b Note: The mean values for Australia are sourced from Hawthorne et al. (2007). 
c Note: Variables for which there was a statistically significant difference between study areas (p < 0.05) are bolded. 
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Table H2. Percentage of respondents from each study area reporting symptoms experienced weekly, monthly, 
or sometimes, as well as the mean number of symptoms reported.ab 
Symptom grouping 
 Total (%) CSG (%) CM (%) RA (%) 
    
Skin Weekly* 13.9 11.4 22.2 8.5 
 Monthly* 7.8 5.4 12.7 6.0 
 Sometimes 16.1 16.2 15.9 16.2 
Digestive Weekly 28.8 26.3 31.7 29.1 
 Monthly 27.1 22.8 34.1 25.6 
 Sometimes 49.8 47.9 46.0 56.4 
Ear Nose Mouth Weekly 23.7 26.3 25.4 17.9 
 Monthly 6.8 4.2 9.5 7.7 
 Sometimes 27.6 25.7 23.8 34.2 
Neurological Weekly 33.9 33.5 36.5 31.6 
 Monthly* 13.4 12.6 21.4 6.0 
 Sometimes 39.3 40.7 32.5 44.4 
Muscles/joints Weekly 37.8 38.3 38.1 36.8 
 Monthly 16.6 13.8 20.6 16.2 
 Sometimes 34.9 32.9 31.0 41.9 
Behavioural Weekly* 32.2 26.9 42.9 28.2 
 Monthly* 12.2 10.2 18.3 8.5 
 Sometimes 32.2 28.7 29.4 40.2 
Immunological Weekly 5.4 5.4 4.8 6.0 
 Monthly 4.6 4.2 4.8 5.1 
 Sometimes* 16.6 12.0 23.0 16.2 
Sinus/respiratory Weekly 32.7 32.3 36.5 29.1 
 Monthly 16.1 17.4 17.5 12.8 
 Sometimes 38.8 37.7 38.9 40.2 
Vision/eyes Weekly 18.3 18.6 20.6 15.4 
 Monthly 9.8 8.4 13.5 7.7 
 Sometimes 31.7 35.3 27.0 31.6 
Circulatory Weekly 12.9 13.2 11.1 14.5 
 Monthly 8.3 7.8 8.7 8.5 
 Sometimes* 25.9 24.0 19.8 35.0 
Reproductive Weekly 4.9 6.0 6.3 1.7 
 Monthly 3.2 2.4 4.0 3.4 
 Sometimes 8.5 6.0 7.9 12.8 
Urinary Weekly 6.6 4.8 6.3 9.4 
 Monthly 1.7 0.6 3.2 1.7 
 Sometimes 7.6 6.0 7.9 9.4 
Other/general Weekly 33.2 30.5 34.1 35.9 
 Monthly 18.0 16.8 23.8 13.7 
 Sometimes 41.0 38.9 35.7 49.6 
   Mean (sd) Mean (sd) Mean (sd) 
Number of symptoms Weekly 7.9 (7.4) 8.3 (8.0) 8.2 (6.5) 7.1 (7.5) 
 Monthly 3.5 (3.4) 3.3 (3.2) 4.3 (4.2) 2.9 (2.4) 
 Sometimes 8.1 (7.7) 7.8 (7.2) 7.0 (7.4) 9.6 (8.6) 
a Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
b Note: Variables for which there was a statistically significant difference between study areas (p < 0.05) are bolded. 
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Table H3. Percentage of respondents in each study area (N=360) with Depression Anxiety Stress Scale-21 
scores in the ‘normal’ and ‘above normal’ range, as well as mean scores for each study area and 
Australian normative data.a 
  
Australia 
CSG 
(n=148) 
n (%) 
CM 
(n=110) 
n (%) 
RA 
(n=102) 
n (%) 
Depression      
 Normal  116 (69.5) 73 (57.9) 75 (64.1) 
 Above Normal  32 (19.2) 37 (29.4) 27 (23.1) 
Anxiety      
 Normal  120 (71.9) 91 (72.2) 84 (71.8) 
 Above Normal  28 (16.8) 19 (15.1) 18 (15.4) 
Stress      
 Normal  122 (73.1) 82 (65.1) 86 (73.5) 
 Above Normal  26 (15.6) 28 (22.2) 16 (13.7) 
  Mean (sd) Mean (sd) Mean (sd) Mean (sd) 
Depression  5.02 (7.54) 6.0 (8.7) 7.5 (9.0) 6.8 (9.4) 
Anxiety  3.36 (5.07) 4.1 (6.3) 3.9 (5.7) 4.3 (7.0) 
Stress  8.10 (8.40) 7.9 (9.2) 10.0 (9.1) 8.0 (9.4) 
a Note: CSG = coal seam gas; CM = coal mining; and RA = rural/agricultural. 
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Table H4. Mean Environmental Distress Scale subscale scores for CSG, CM, and RA areas in Queensland.ab 
 
CSG 
Mean (sd) 
CM 
Mean (sd) 
RA 
Mean (sd) 
Cronbach’s alpha 
Frequency 2.1 (0.7) 2.3 (0.7) 1.5 (0.4) 0.86 
n 165 121 114  
Observation 1.3 (0.3) 1.4 (0.3) 1.2 (0.2) 0.77 
n 165 123 113  
Threat 2.0 (0.9) 2.0 (0.7) 1.3 (0.5) 0.96 
n 164 123 113  
Impact 3.1 (0.6) 3.1 (0.5) 3.4 (0.7) 0.91 
n 163 119 109  
Solastalgia 2.9 (1.0) 3.0 (0.8) 3.5 (0.9) 0.93 
n 162 119 103  
Action 1.8 (0.2) 1.8 (0.2) 1.9 (0.1) 0.80 
n 165 120 113  
a Note: There was missing data for some variables in each of the study areas. CSG = coal seam gas; CM = coal mining; and RA = 
rural/agricultural. 
b Note: Variables for which there was a statistically significant difference between study areas (p < 0.05) are bolded. 
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Werner, AK, Watt, K, Cameron, CM, Vink, S, Page, A, Jagals, P. (2016). All-age hospitalization rates in  
coal seam gas areas in Queensland, Australia, 1995-2011. BMC Public Health. 16: 125. 
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Figure J1. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 1 (‘Certain infectious 
and parasitic diseases’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural (RA) 
areas, 1995-2011. 
 
 
Figure J2. Age-standardised, cause-specific rates per 1,000 for ICD Chapter 2 (‘Neoplasms’) for coal seam 
gas (CSG), coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
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Figure J3. Age-standardised, cause-specific rates per 1,000 for ICD Chapter 3 (‘Diseases of the blood and 
blood-forming organs and certain disorders involving the immune mechanism’) for coal seam gas 
(CSG), coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
 
 
Figure J4. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 4 (‘Endocrine, 
nutritional and metabolic diseases’) for coal seam gas (CSG), coal mining (CM), and 
rural/agricultural (RA) areas, 1995-2011. 
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Figure J5. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 5 (‘Mental and 
behavioural disorders’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural (RA) 
areas, 1995-2011. 
 
 
Figure J6. Age-standardised, cause-specific rates per 1,000 for ICD Chapter 6 (‘Diseases of the nervous 
system’) for coal seam gas (CSG), coal mining (CM), and rural/agricutural (RA) areas, 1995-
2011. 
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Figure J7. Age-standardised, cause-specific rates per 1,000 for ICD Chapter 7 (‘Diseases of the eye and 
adnexa’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural (RA) areas, 1995-
2011. 
 
 
Figure J8. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 8 (‘Diseases of the ear 
and mastoid process’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural (RA) 
areas, 1995-2011.  
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Figure J9. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 9 (‘Diseases of the 
circulatory system’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural (RA) 
areas, 1995-2011. 
 
 
Figure J10. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 10 (‘Diseases of the 
respiratory system’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural (RA) 
areas, 1995-2011. 
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Figure J11. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 11 (‘Diseases of the 
digestive system’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural (RA) areas, 
1995-2011. 
 
 
Figure J12. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 12 (‘Diseases of the 
skin and subcutaneous tissue’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural 
(RA) areas, 1995-2011. 
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Figure J13. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 13 (‘Diseases of the 
musculoskeletal system and connective tissue’) for coal seam gas (CSG), coal mining (CM), and 
rural/agricultural (RA) areas, 1995-2011. 
 
 
Figure J14. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 14 (‘Diseases of the 
genitourinary system’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural (RA) 
areas, 1995-2011. 
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Figure J15. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 15 (‘Pregnancy, 
childbirth and the puerperium’) for coal seam gas (CSG), coal mining (CM), and rural/agricultural 
(RA) areas, 1995-2011. 
 
 
Figure J16. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 16 (‘Certain conditions 
originating in the perinatal period’) for coal seam gas (CSG), coal mining(CM), and 
rural/agricultural (RA) areas, 1995-2011. 
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Figure J17. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 17 (‘Congenital 
malformations, deformations and chromosomal abnormalities’) for coal seam gas (CSG), coal 
mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
 
 
Figure J18. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 18 (‘Symptoms, signs 
and abnormal clinical and laboratory findings, not elsewhere classified’) for coal seam gas (CSG), 
coal mining (CM), and rural/agricultural (RA) areas, 1995-2011. 
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Figure J19. Age-standardised, cause-specific rates per 1,000 persons for ICD Chapter 19 (‘Injury, poisoning 
and certain other consequences of external causes’) for coal seam gas (CSG), coal mining (CM), 
and rural/agricultural (RA) areas, 1995-2011. 
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Table K1. Rate ratios (RR) and 95% confidence interval (CI) for all-cause hospitalisation rates and ICD 
Chapters 1-19 in the three study areas over time, all-ages.a 
 CSG vs CM CSG vs RA CM vs RA 
All-cause 1.01 (1.00-1.01) 1.01 (1.01-1.02) 1.00 (1.00-1.01) 
    
Infectious disease 1.02 (0.99-1.04) 1.03 (1.00-1.06) 1.02 (0.99-1.05) 
    
Neoplasms 1.03 (1.01-1.04) 1.01 (0.99-1.03) 0.98 (0.97-1.00) 
    
Blood/immune 1.08 (1.05-1.12) 1.05 (1.01-1.09) 0.97 (0.94-1.01) 
    
Endocrine 0.99 (0.97-1.02) 1.02 (1.00-1.05) 1.03 (1.00-1.06) 
    
Mental disorders 0.98 (0.95-1.00) 1.02 (1.00-1.05) 1.05 (1.02-1.07) 
    
Nervous system 1.01 (1.00-1.03) 1.04 (1.02-1.06) 1.02 (1.00-1.04) 
    
Eye 1.04 (1.02-1.06) 1.04 (1.02-1.06) 1.00 (0.98-1.03) 
    
Ear 1.04 (1.01-1.06) 1.03 (1.00-1.05) 0.99 (0.96-1.02) 
    
Circulatory 0.99 (0.98-1.00) 1.00 (0.99-1.02) 1.01 (1.00-1.02) 
    
Respiratory 1.00 (0.99-1.01) 1.01 (1.00-1.03) 1.02 (1.01-1.03) 
    
Digestive 1.00 (1.00-1.01) 0.99 (0.99-1.00) 0.99 (0.98-1.00) 
    
Skin 1.06 (1.04-1.08) 0.98 (0.96-1.00) 0.93 (0.91-0.95) 
    
Musculoskeletal 1.01 (1.00-1.02) 0.99 (0.98-1.01) 0.98 (0.97-1.00) 
    
Genitourinary 1.01 (1.00-1.02) 1.02 (1.01-1.03) 1.01 (0.99-1.02) 
    
Pregnancy 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.01) 
    
Perinatal 0.95 (0.93-0.98) 0.97 (0.94-1.00) 1.02 (0.98-1.05) 
    
Congenital 1.01 (0.99-1.03) 1.01 (0.98-1.04) 1.00 (0.97-1.03) 
    
Symptoms NEC 1.01 (0.96-1.06) 1.00 (0.95-1.06) 0.99 (0.94-1.05) 
    
Injuries 1.02 (1.00-1.04) 0.99 (0.98-1.01) 0.97 (0.96-0.99) 
a Note: CSG is compared against the CM reference group (Column 1) and the RA reference group (Column 2). CM is compared against the 
RA reference group (Column 3). CSG = coal seam gas; CM = coal mining; ICD = International Classification of Diseases; and RA= 
rural/agricultural.  
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Table K2. Rate ratios (RR) and 95% confidence interval (CI) for all-cause hospitalisation rates and ICD 
Chapters 1-9 in the three study areas over time, child/adolescent cohort (0-19 years old).a 
 CSG vs CM CSG vs RA CM vs RA 
All-cause    
0-4 yrs 1.00 (1.00-1.01) 1.01 (0.99-1.02) 1.01 (1.00-1.02) 
5-9 yrs 1.01 (1.00-1.03) 1.03 (1.01-1.05) 1.01 (0.99-1.03) 
10-14 yrs 1.00 (1.00-1.02) 1.01 (1.00-1.03) 1.01 (1.00-1.02) 
15-19 yrs 1.01 (0.98-1.03) 0.99 (0.97-1.02) 0.99 (0.96-1.01) 
Infectious disease    
0-4 yrs 0.98 (0.94-1.03) 0.99 (0.95-1.04) 1.01 (0.97-1.06) 
5-9 yrs 0.98 (0.94-1.03) 1.01 (0.96-1.06) 1.03 (0.97-1.08) 
10-14 yrs 0.96 (0.90-1.01) 1.00 (0.94-1.06) 1.05 (0.98-1.11) 
15-19 yrs 1.01 (0.96-1.06) 1.05 (0.99-1.12) 1.04 (0.98-1.11) 
Neoplasms    
0-4 yrs 0.92 (0.81-1.04) 0.91 (0.79-1.06) 1.00 (0.86-1.16) 
5-9 yrs 1.06 (0.92-1.21) 1.08 (0.88-1.34) 1.03 (0.83-1.27) 
10-14 yrs 1.04 (0.94-1.14) 1.11 (0.93-1.32) 1.07 (0.90-1.28) 
15-19 yrs 1.14 (1.07-1.22) 1.10 (0.98-1.24) 0.96 (0.86-1.09) 
Blood/immune    
0-4 yrs 1.06 (0.92-1.21) 1.01 (0.85-1.19) 0.95 (0.81-1.12) 
5-9 yrs 1.36 (1.01-1.85) 1.59 (1.10-2.30) 1.17 (0.85-1.60) 
10-14 yrs 0.91 (0.74-1.12) 1.30 (0.92-1.85) 1.43 (0.98-2.08) 
15-19 yrs 0.97 (0.85-1.12) 0.92 (0.78-1.09) 0.95 (0.78-1.15) 
Endocrine    
0-4 yrs 1.08 (1.01-1.16) 1.09 (0.97-1.23) 1.01 (0.90-1.13) 
5-9 yrs 1.08 (0.98-1.20) 1.07 (0.86-1.33) 0.98 (0.79-1.23) 
10-14 yrs 0.95 (0.86-1.05) 0.94 (0.82-1.09) 0.99 (0.85-1.16) 
15-19 yrs 0.84 (0.78-0.90) 0.91 (0.84-0.98) 1.08 (0.99-1.19) 
Mental disorders    
0-4 yrs    
5-9 yrs 1.02 (0.88-1.17) 0.89 (0.71-1.12) 0.87 (0.69-1.12) 
10-14 yrs 0.99 (0.93-1.07) 1.01 (0.91-1.11) 1.01 (0.91-1.12) 
15-19 yrs 0.94 (0.90-0.98) 1.01 (0.96-1.07) 1.08 (1.02-1.14) 
Nervous system    
0-4 yrs 1.01 (0.96-1.06) 0.97 (0.90-1.04) 0.96 (0.89-1.04) 
5-9 yrs 0.99 (0.93-1.06) 0.94 (0.87-1.03) 0.95 (0.87-1.04) 
10-14 yrs 0.95 (0.89-1.02) 0.94 (0.87-1.03) 0.99 (0.90-1.08) 
15-19 yrs 1.01 (0.95-1.09) 1.02 (0.94-1.11) 1.00 (0.92-1.09) 
Eye    
0-4 yrs 0.97 (0.92-1.02) 1.04 (0.95-1.14) 1.07 (0.98-1.17) 
5-9 yrs 1.08 (1.00-1.17) 1.19 (1.04-1.37) 1.11 (0.96-1.28) 
10-14 yrs 1.10 (0.98-1.24) 1.08 (0.95-1.23) 0.99 (0.86-1.13) 
15-19 yrs 1.09 (0.97-1.23) 1.13 (0.97-1.32) 1.04 (0.90-1.21) 
Ear    
0-4 yrs 1.02 (1.00-1.05) 1.04 (1.00-1.08) 1.01 (0.98-1.05) 
5-9 yrs 1.05 (1.00-1.10) 1.07 (1.01-1.13) 1.02 (0.96-1.08) 
10-14 yrs 1.10 (1.03-1.17) 1.10 (1.01-1.19) 1.00 (0.92-1.08) 
15-19 yrs 0.98 (0.88-1.09) 0.99 (0.85-1.16) 1.01 (0.87-1.18) 
Circulatory    
0-4 yrs 0.96 (0.86-1.07) 0.96 (0.82-1.13) 1.00 (0.86-1.18) 
5-9 yrs 0.89 (0.82-0.98) 0.97 (0.85-1.11) 1.09 (0.95-1.25) 
10-14 yrs 0.98 (0.89-1.07) 0.97 (0.85-1.12) 1.00 (0.86-1.15) 
15-19 yrs 1.01 (0.93-1.09) 0.99 (0.88-1.11) 0.98 (0.88-1.10) 
a Note: CSG is compared against the CM reference group (Column 1) and the RA reference group (Column 2). CM is compared against the 
RA reference group (Column 3). CSG = coal seam gas; CM = coal mining; ICD = International Classification of Diseases; and RA= 
rural/agricultural.  
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Table K3. Rate ratios (RR) and 95% confidence interval (CI) for ICD Chapters 10-19 in the three study areas 
over time, child/adolescent cohort (0-19 years old).ab 
 CSG vs CM CSG vs RA CM vs RA 
Respiratory    
0-4 1.01 (0.99-1.02) 1.03 (1.01-1.05) 1.02 (1.00-1.04) 
5-9 0.99 (0.97-1.01) 1.03 (1.00-1.06) 1.04 (1.01-1.06) 
10-14 0.97 (0.95-1.00) 1.05 (1.01-1.09) 1.08 (1.04-1.12) 
15-19 0.98 (0.95-1.00) 1.00 (0.97-1.04) 1.03 (0.99-1.07) 
Digestive    
0-4 0.98 (0.96-1.00) 1.00 (0.97-1.04) 1.02 (0.99-1.06) 
5-9 1.05 (1.02-1.08) 1.04 (1.00-1.08) 0.99 (0.95-1.03) 
10-14 1.00 (0.97-1.04) 1.00 (0.95-1.05) 1.00 (0.95-1.05) 
15-19 1.02 (1.00-1.04) 0.98 (0.95-1.01) 0.96 (0.93-0.99) 
Skin    
0-4 1.03 (0.99-1.08) 1.00 (0.95-1.06) 0.97 (0.92-1.02) 
5-9 1.03 (0.97-1.09) 1.02 (0.95-1.10) 0.99 (0.93-1.07) 
10-14 1.05 (1.01-1.09) 1.00 (0.95-1.07) 0.97 (0.91-1.02) 
15-19 1.06 (1.01-1.11) 1.00 (0.95-1.06) 0.95 (0.90-1.00) 
Musculoskeletal    
0-4 0.94 (0.86-1.03) 0.92 (0.82-1.03) 0.97 (0.87-1.09) 
5-9 0.97 (0.88-1.06) 1.01 (0.91-1.13) 1.05 (0.94-1.16) 
10-14 0.99 (0.94-1.04) 1.02 (0.95-1.09) 1.03 (0.96-1.10) 
15-19 0.99 (0.96-1.02) 0.96 (0.91-1.01) 0.97 (0.92-1.02) 
Genitourinary    
0-4 0.99 (0.96-1.03) 1.02 (0.97-1.07) 1.03 (0.97-1.08) 
5-9 0.95 (0.91-1.00) 1.00 (0.93-1.07) 1.04 (0.97-1.12) 
10-14 1.03 (0.97-1.08) 1.07 (1.00-1.16) 1.04 (0.97-1.13) 
15-19 1.02 (0.99-1.05) 1.03 (0.98-1.07) 1.01 (0.96-1.05) 
Pregnancy    
10-14 0.89 (0.75-1.07) 1.27 (0.91-1.76) 1.42 (1.03-1.97) 
15-19 1.01 (0.90-1.04) 0.99 (0.96-1.02) 0.98 (0.95-1.01) 
Perinatal    
0-4 0.95 (0.93-0.98) 0.96 (0.94-1.00) 1.01 (0.98-1.05) 
Congenital    
0-4 1.00 (0.98-1.03) 1.00 (0.96-1.05) 1.00 (0.96-1.05) 
5-9    
10-14 1.03 (0.96-1.11) 0.95 (0.85-1.06) 0.92 (0.82-1.03) 
15-19 0.92 (0.84-1.00) 0.91 (0.80-1.04) 1.00 (0.88-1.14) 
Symptoms NEC    
0-4 0.99 (0.95-1.02) 1.00 (0.96-1.05) 1.02 (0.98-1.06) 
5-9 0.97 (0.94-1.01) 0.98 (0.93-1.03) 1.01 (0.96-1.06) 
10-14 0.95 (0.92-0.99) 0.98 (0.93-1.03) 1.03 (0.98-1.08) 
15-19 0.97 (0.93-1.02) 0.99 (0.94-1.04) 1.02 (0.97-1.07) 
Injuries    
0-4 1.02 (0.99-1.04) 1.01 (0.98-1.04) 0.99 (0.96-1.02) 
5-9 1.01 (0.98-1.03) 1.00 (0.97-1.03) 1.00 (0.97-1.03) 
10-14 0.99 (0.97-1.02) 0.96 (0.93-0.99) 0.97 (0.94-1.00) 
15-19 1.00 (0.98-1.03) 0.99 (0.97-1.02) 0.99 (0.96-1.02) 
a Note: CSG is compared against the CM reference group (Column 1) and the RA reference group (Column 2). CM is compared against the 
RA reference group (Column 3). CSG = coal seam gas; CM = coal mining; ICD = International Classification of Diseases; and 
RA = rural/agricultural. 
b Note: Some age groups are not included in the table due to low numbers, which precluded regression analyses. 
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Table K4. Rate ratios (RR) and 95% confidence interval (CI) for all-cause hospitalisation rates and ICD 
Chapters 1-12 in the three study areas over time, adult cohort (20-64 years old).a 
 CSG vs CM CSG vs RA CM vs RA 
All-cause    
20-34 yrs 1.02 (1.01-1.03) 1.00 (0.99-1.01) 0.98 (0.97-0.99) 
35-44 yrs 1.02 (1.01-1.03) 1.03 (1.01-1.04) 1.01 (1.00-1.02) 
45-64 yrs 1.01 (0.98-1.03) 1.02 (1.00-1.05) 1.02 (0.99-1.04) 
Infectious disease    
20-34 yrs 0.99 (0.95-1.02) 1.02 (0.98-1.06) 1.03 (0.99-1.07) 
35-44 yrs 1.00 (0.96-1.04) 1.07 (1.02-1.12) 1.07 (1.02-1.13) 
45-64 yrs 1.12 (1.05-1.20) 1.06 (0.99-1.13) 0.94 (0.88-1.01) 
Neoplasms    
20-34 yrs 1.10 (1.06-1.15) 1.04 (0.99-1.09) 0.94 (0.90-0.99) 
35-44 yrs 1.05 (1.00-1.11) 0.99 (0.94-1.05) 0.94 (0.89-1.00) 
45-64 yrs 1.03 (0.99-1.07) 1.02 (0.98-1.06) 0.99 (0.95-1.03) 
Blood/immune    
20-34 yrs 1.11 (1.00-1.24) 1.04 (0.90-1.20) 0.94 (0.81-1.08) 
35-44 yrs 0.99 (0.94-1.04) 0.98 (0.91-1.06) 0.99 (0.92-1.08) 
45-64 yrs 1.13 (1.07-1.19) 1.10 (1.03-1.17) 0.98 (0.91-1.04) 
Endocrine    
20-34 yrs 1.00 (0.94-1.05) 0.95 (0.89-1.01) 0.95 (0.90-1.01) 
35-44 yrs 0.95 (0.90-1.00) 1.03 (0.98-1.10) 1.09 (1.03-1.16) 
45-64 yrs 1.01 (0.97-1.05) 1.09 (1.04-1.14) 1.08 (1.03-1.13) 
Mental disorders    
20-34 yrs 0.99 (0.96-1.02) 0.98 (0.95-1.01) 0.99 (0.96-1.03) 
35-44 yrs 0.99 (0.96-1.03) 1.05 (1.01-1.09) 1.05 (1.01-1.10) 
45-64 yrs 0.98 (0.94-1.03) 1.05 (1.01-1.10) 1.07 (1.02-1.12) 
Nervous system    
20-34 yrs 1.03 (0.99-1.07) 1.02 (0.97-1.06) 0.99 (0.95-1.03) 
35-44 yrs 1.04 (1.01-1.08) 1.09 (1.05-1.14) 1.04 (1.00-1.09) 
45-64 yrs 1.02 (1.00-1.04) 1.06 (1.03-1.09) 1.04 (1.02-1.07) 
Eye    
20-34 yrs 1.07 (1.01-1.13) 1.02 (0.94-1.10) 0.95 (0.88-1.02) 
35-44 yrs 1.07 (1.01-1.13) 1.03 (0.96-1.11) 0.97 (0.90-1.03) 
45-64 yrs 1.04 (0.98-1.10) 1.06 (0.99-1.12) 1.02 (0.96-1.08) 
Ear    
20-34 yrs 1.03 (0.97-1.10) 0.99 (0.92-1.07) 0.96 (0.89-1.03) 
35-44 yrs 1.07 (0.99-1.15) 0.99 (0.90-1.08) 0.92 (0.85-1.01) 
45-64 yrs 1.00 (0.96-1.05) 1.00 (0.94-1.06) 1.00 (0.94-1.06) 
Circulatory    
20-34 yrs 1.02 (0.98-1.06) 1.08 (1.03-1.13) 1.06 (1.01-1.11) 
35-44 yrs 1.02 (0.99-1.05) 1.06 (1.03-1.10) 1.04 (1.01-1.07) 
45-64 yrs 1.02 (0.98-1.06) 1.03 (0.99-1.07) 1.01 (0.97-1.05) 
Respiratory    
20-34 yrs 1.01 (0.99-1.03) 1.02 (1.00-1.05) 1.01 (0.99-1.04) 
35-44 yrs 0.98 (0.95-1.01) 1.06 (1.02-1.10) 1.08 (1.04-1.12) 
45-64 yrs 1.01 (0.97-1.06) 1.02 (0.98-1.07) 1.01 (0.97-1.05) 
Digestive    
20-34 yrs 1.01 (0.99-1.02) 0.99 (0.97-1.01) 0.98 (0.97-1.00) 
35-44 yrs 1.01 (1.00-1.02) 0.98 (0.97-1.00) 0.98 (0.96-0.99) 
45-64 yrs 1.01 (0.99-1.03) 1.01 (0.99-1.03) 1.00 (0.98-1.02) 
Skin    
20-34 yrs 1.05 (1.03-1.08) 0.95 (0.92-0.98) 0.90 (0.87-0.93) 
35-44 yrs 1.10 (1.06-1.14) 1.01 (0.96-1.05) 0.92 (0.88-0.96) 
45-64 yrs 1.09 (1.05-1.13) 1.00 (0.97-1.04) 0.92 (0.89-0.96) 
a Note: CSG is compared against the CM reference group (Column 1) and the RA reference group (Column 2). CM is compared against the 
RA reference group (Column 3). CSG = coal seam gas; CM = coal mining; ICD = International Classification of Diseases; and RA = 
rural/agricultural. 
  
Appendix K  Tables for Chapter 6 (Objective Health Outcomes) 
374 
Table K5. Rate ratios (RR) and 95% confidence interval (CI) for ICD Chapters 13-19 in the three study areas 
over time, adult cohort (20-64 years old).a 
 CSG vs CM CSG vs RA CM vs RA 
Musculoskeletal    
20-34 yrs 1.00 (0.98-1.02) 0.97 (0.95-1.00) 0.97 (0.94-1.00) 
35-44 yrs 1.03 (1.01-1.05) 0.99 (0.96-1.01) 0.96 (0.93-0.98) 
45-64 yrs 1.02 (0.99-1.04) 1.01 (0.99-1.03) 0.99 (0.97-1.02) 
Genitourinary    
20-34 yrs 1.01 (0.98-1.03) 1.01 (0.99-1.04) 1.01 (0.98-1.03) 
35-44 yrs 1.01 (0.99-1.03) 1.00 (0.98-1.03) 1.00 (0.97-1.02) 
45-64 yrs 1.01 (1.00-1.03) 1.01 (0.99-1.03) 1.00 (0.98-1.01) 
Pregnancy    
20-34 yrs 1.01 (1.00-1.02) 0.99 (0.98-1.00) 0.98 (0.97-1.00) 
35-44 yrs 0.99 (0.98-1.01) 1.00 (0.97-1.02) 1.00 (0.98-1.03) 
45-64 yrs 1.07 (0.88-1.29) 1.09 (0.84-1.42) 1.02 (0.79-1.33) 
Congenital    
20-34 yrs 1.03 (0.95-1.12) 0.98 (0.89-1.08) 0.95 (0.86-1.05) 
35-44 yrs 1.05 (0.97-1.15) 1.07 (0.93-1.24) 1.02 (0.89-1.17) 
45-64 yrs 1.02 (0.94-1.11) 1.10 (0.96-1.27) 1.08 (0.94-1.24) 
Symptoms NEC    
20-34 yrs 1.01 (0.98-1.06) 1.00 (0.96-1.04) 0.98 (0.94-1.03) 
35-44 yrs 1.01 (0.95-1.07) 1.02 (0.96-1.09) 1.01 (0.95-1.07) 
45-64 yrs 1.02 (0.98-1.07) 1.00 (0.96-1.05) 0.98 (0.94-1.03) 
Injuries    
20-34 yrs 1.03 (1.00-1.06) 0.99 (0.96-1.02) 0.96 (0.93-0.99) 
35-44 yrs 1.02 (0.99-1.04) 0.98 (0.96-1.01) 0.97 (0.94-0.99) 
45-64 yrs 1.02 (1.00-1.04) 1.01 (1.00-1.03) 1.00 (0.98-1.01) 
a Note: CSG is compared against the CM reference group (Column 1) and the RA reference group (Column 2). CM is compared against the 
RA reference group (Column 3). CSG = coal seam gas; CM = coal mining; ICD = International Classification of Diseases; and RA = 
rural/agricultural. 
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Table L1. Rate ratios (RR) and 95% confidence interval (CI) for all-cause hospitalisation rates and 
hospitalisation rates for ICD Chapters 1-19 as a function of gas well development activity, all-
ages.ab 
 Low vs very low Medium vs very low High vs very low 
All-cause 1.12 (1.08-1.15) 1.16 (1.12-1.19) 1.25 (1.21-1.29) 
    
Infectious disease 1.43 (1.26-1.62) 1.22 (1.08-1.39) 1.51 (1.33-1.70) 
    
Neoplasms 1.21 (1.13-1.29) 1.41 (1.32-1.50) 1.50 (1.41-1.60) 
    
Blood/immune 1.15 (0.96-1.38) 1.43 (1.19-1.71) 2.33 (1.97-2.77) 
    
Endocrine 1.53 (1.35-1.72) 1.88 (1.67-2.11) 2.28 (2.04-2.55) 
    
Mental disorders 1.18 (1.08-1.30) 1.29 (1.17-1.41) 0.92 (0.83-1.01) 
    
Nervous system 1.45 (1.32-1.59) 1.45 (1.32-1.59) 1.92 (1.76-2.09) 
    
Eye 1.16 (1.02-1.33) 1.34 (1.18-1.52) 1.89 (1.66-2.14) 
    
Ear 0.85 (0.74-0.98) 0.88 (0.77-1.01) 0.97 (0.85-1.11) 
    
Circulatory 0.93 (0.87-1.00) 0.95 (0.89-1.02) 0.94 (0.88-1.01) 
    
Respiratory 1.01 (0.88-1.15) 1.05 (0.93-1.20) 1.08 (0.95-1.23) 
    
Digestive 1.06 (1.01-1.12) 1.07 (1.02-1.13) 1.05 (1.00-1.11) 
    
Skin 1.18 (1.06-1.32) 1.17 (1.05-1.31) 1.37 (1.23-1.52) 
    
Musculoskeletal 1.06 (0.98-1.13) 1.08 (1.01-1.16) 1.15 (1.07-1.23) 
    
Genitourinary 0.95 (0.90-1.01) 0.98 (0.92-1.04) 0.91 (0.86-0.97) 
    
Pregnancy 0.97 (0.92-1.02) 1.04 (0.98-1.09) 1.10 (1.04-1.16) 
    
Perinatal 0.68 (0.58-0.80) 0.59 (0.51-0.70) 0.67 (0.57-0.78) 
    
Congenital 0.94 (0.80-1.10) 0.84 (0.71-0.99) 0.76 (0.64-0.90) 
    
Symptoms NEC 1.06 (1.00-1.13) 1.16 (1.10-1.23) 1.34 (1.27-1.42) 
    
Injuries 1.18 (1.11-1.24) 1.03 (0.97-1.09) 1.06 (1.01-1.12) 
a Note: The reference category is ‘very low’ (January 1995 - March 1999). ICD = International Classification of Diseases. 
b Note: Some age groups are not included in the table due to low numbers, which precluded regression analyses. 
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Table L2. Rate ratios (RR) and 95% confidence interval (CI) for all-cause hospitalisation rates and 
hospitalisation rates for ICD Chapters 1-9 as a function of gas well development activity, 
child/adolescent cohort (0-19 years old).ab 
 Low vs very low Medium vs very low High vs very low 
All-cause    
0-4 yrs 1.00 (0.92-1.08) 0.91 (0.83-0.98) 0.88 (0.81-0.95) 
5-9 yrs 1.12 (1.02-1.22) 1.24 (1.14-1.36) 1.15 (1.05-1.26) 
10-14 yrs 0.99 (0.91-1.09) 1.06 (0.97-1.16) 1.05 (0.96-1.15) 
15-19 yrs 1.32 (1.22-1.42) 1.22 (1.13-1.32) 1.11 (1.03-1.20) 
Infectious disease    
0-4 yrs 1.28 (1.00-1.65) 0.99 (0.77-1.28) 0.81 (0.62-1.05) 
5-9 yrs 1.36 (0.97-1.91) 1.37 (0.98-1.92) 0.92 (0.64-1.31) 
10-14 yrs 1.61 (1.04-2.47) 0.97 (0.61-1.55) 1.08 (0.69-1.71) 
15-19 yrs 1.00 (0.71-1.43) 0.95 (0.67-1.36) 1.20 (0.86-1.68) 
Neoplasms    
0-4 yrs 1.76 (1.03-3.00) 0.67 (0.35-1.28) 0.48 (0.24-0.96) 
5-9 yrs 0.82 (0.39-1.74) 2.62 (1.34-5.12) 0.93 (0.45-1.95) 
10-14 yrs 0.32 (0.16-0.64) 0.50 (0.26-0.96) 0.68 (0.37-1.26) 
15-19 yrs 1.14 (0.64-2.03) 2.21 (1.31-3.75) 1.29 (0.74-2.25) 
Blood/immune    
0-4 yrs 2.68 (0.98-7.34) 2.36 (0.85-6.55) 2.17 (0.78-6.05) 
5-9 yrs 13.31 (1.63-108.79) 48.16 (6.2-373.81) 5.14 (0.56-46.90) 
10-14 yrs 0.63 (0.14-2.94) 1.45 (0.41-5.18) 2.85 (0.89-9.09) 
15-19 yrs 0.22 (0.10-0.48) 0.24 (0.11-0.51) 0.43 (0.23-0.81) 
Endocrine    
0-4 yrs 1.25 (0.63-2.47) 1.93 (1.01-3.66) 1.24 (0.63-2.44) 
5-9 yrs 0.86 (0.49-1.50) 1.74 (1.07-2.84) 4.36 (2.81-6.77) 
10-14 yrs 0.53 (0.30-0.93) 0.70 (0.42-1.19) 1.88 (1.20-2.95) 
15-19 yrs 0.82 (0.56-1.21) 0.42 (0.26-0.66) 0.62 (0.41-0.93) 
Mental disorders    
0-4 yrs    
5-9 yrs 1.32 (0.44-3.92) 1.72 (0.61-4.85) 0.44 (0.11-1.84) 
10-14 yrs 0.53 (0.28-0.99) 0.57 (0.31-1.05) 0.94 (0.54-1.64) 
15-19 yrs 1.39 (1.02-1.89) 1.68 (1.25-2.26) 1.19 (0.87-1.61) 
Nervous system    
0-4 yrs 1.53 (1.03-2.27) 1.05 (0.69-1.60) 1.47 (0.99-2.17) 
5-9 yrs 2.75 (1.65-4.58) 2.24 (1.33-3.78) 2.62 (1.57-4.37) 
10-14 yrs 1.27 (0.73-2.20) 1.42 (0.83-2.43) 1.02 (0.58-1.80) 
15-19 yrs 1.04 (0.64-1.71) 0.74 (0.43-1.26) 1.21 (0.75-1.93) 
Eye    
0-4 yrs 1.18 (0.78-1.78) 0.48 (0.28-0.82) 0.38 (0.22-0.66) 
10-14 yrs 0.19 (0.04-0.89) 1.13 (0.47-2.71) 1.11 (0.46-2.65) 
Ear    
0-4 yrs 0.84 (0.64-1.10) 0.88 (0.67-1.15) 0.88 (0.67-1.14) 
10-14 yrs 0.72 (0.37-1.39) 1.13 (0.63-2.02) 1.80 (1.07-3.04) 
Circulatory    
0-4 yrs 0.62 (0.22-1.76) 0.47 (0.15-1.43) 0.65 (0.23-1.79) 
5-9 yrs 1.26 (0.62-2.55) 0.61 (0.27-1.40) 0.80 (0.37-1.74) 
10-14 yrs 1.06 (0.46-2.43) 2.15 (1.04-4.49) 1.56 (0.73-3.37) 
15-19 yrs 1.20 (0.54-2.65) 0.67 (0.28-1.60) 0.86 (0.38-1.95) 
a Note: The reference category is ‘very low’ (January 1995 - March 1999). ICD = International Classification of Diseases. 
b Note: Some age groups are not included in the table due to low numbers, which precluded regression analyses. 
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Table L3. Rate ratios (RR) and 95% confidence interval (CI) for hospitalisation rates in ICD Chapters 10-19 
as a function of gas well development activity, child/adolescent cohort (0-19 years old).ab 
 Low vs very low Medium vs very low High vs very low 
Respiratory    
0-4 yrs 1.02 (0.82-1.26) 1.12 (0.91-1.38) 1.04 (0.85-1.29) 
5-9 yrs 1.15 (0.95-1.39) 1.11 (0.92-1.35) 1.28 (1.06-1.55) 
10-14 yrs 1.37 (1.09-1.72) 1.19 (0.94-1.51) 0.95 (0.74-1.21) 
15-19 yrs 0.84 (0.67-1.06) 0.90 (0.72-1.13) 1.06 (0.86-1.32) 
Digestive    
0-4 yrs 0.95 (0.80-1.13) 0.79 (0.65-0.94) 0.56 (0.46-0.68) 
5-9 yrs 1.19 (0.95-1.49) 1.50 (1.21-1.86) 1.64 (1.32-2.03) 
10-14 yrs 0.87 (0.67-1.11) 1.53 (1.23-1.91) 1.08 (0.86-1.37) 
15-19 yrs 1.14 (0.94-1.38) 1.31 (1.09-1.58) 1.48 (1.24-1.78) 
Skin    
0-4 yrs 0.72 (0.45-1.14) 1.12 (0.74-1.70) 1.18 (0.79-1.77) 
5-9 yrs 1.46 (0.90-2.36) 1.03 (0.62-1.73) 1.12 (0.68-1.86) 
10-14 yrs 0.95 (0.58-1.54) 0.80 (0.48-1.32) 1.41 (0.90-2.19) 
15-19 yrs 1.38 (0.97-1.96) 1.17 (0.82-1.68) 1.51 (1.07-2.11) 
Musculoskeletal    
0-4 yrs 0.76 (0.40-1.41) 0.33 (0.15-0.72) 0.53 (0.27-1.04) 
10-14 yrs 0.79 (0.53-1.16) 0.79 (0.54-1.17) 1.03 (0.72-1.48) 
15-19 yrs 1.23 (0.96-1.58) 0.90 (0.69-1.18) 0.87 (0.67-1.13) 
Genitourinary    
0-4 yrs 0.84 (0.62-1.14) 0.66 (0.47-0.91) 0.83 (0.62-1.13) 
5-9 yrs 0.59 (0.39-0.91) 0.65 (0.43-0.99) 0.58 (0.37-0.89) 
10-14 yrs 0.89 (0.53-1.50) 1.50 (0.93-2.41) 1.47 (0.91-2.36) 
15-19 yrs 0.90 (0.66-1.22) 0.94 (0.69-1.28) 1.18 (0.88-1.57) 
Pregnancy    
15-19 yrs 1.11 (0.94-1.32) 1.30 (1.10-1.54) 1.28 (1.08-1.51) 
Perinatal    
0-4 yrs 0.69 (0.59-0.81) 0.63 (0.53-0.74) 0.68 (0.58-0.80) 
Congenital    
0-4 yrs 0.88 (0.70-1.10) 0.88 (0.70-1.11) 0.83 (0.66-1.04) 
10-14 yrs 1.36 (0.77-2.40) 1.18 (0.66-2.13) 1.35 (0.77-2.39) 
15-19 yrs 0.61 (0.29-1.28) 0.55 (0.25-1.17) 0.36 (0.16-0.84) 
Symptoms NEC    
0-4 yrs 0.93 (0.77-1.12) 0.86 (0.71-1.03) 0.77 (0.64-0.93) 
5-9 yrs 1.19 (0.86-1.65) 1.02 (0.73-1.42) 0.82 (0.58-1.16) 
10-14 yrs 0.79 (0.60-1.05) 0.88 (0.67-1.15) 0.72 (0.55-0.96) 
15-19 yrs 1.09 (0.85-1.41) 0.94 (0.72-1.22) 0.96 (0.74-1.24) 
Injuries    
0-4 yrs 1.17 (0.99-1.38) 0.93 (0.78-1.10) 0.93 (0.78-1.09) 
5-9 yrs 1.07 (0.88-1.30) 0.97 (0.79-1.18) 0.89 (0.72-1.09) 
10-14 yrs 1.07 (0.91-1.25) 0.98 (0.83-1.15) 0.86 (0.72-1.01) 
15-19 yrs 1.28 (1.13-1.45) 1.02 (0.89-1.16) 0.92 (0.81-1.04) 
a Note: The reference group is ‘very low’ (January 1995 - March 1999). ICD = International Classification of Diseases. 
b Note: Some age groups are not included in the table due to low numbers, which precluded regression analyses. 
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Table L4. Rate ratios (RR) and 95% confidence interval (CI) for all-cause hospitalisation rates and 
hospitalisation rates for ICD Chapters 1-12 as a function of gas well development activity, adult 
cohort (20-64 years old).a 
 Low vs very low Medium vs very low High vs very low 
All-cause    
20-34 yrs 1.14 (1.09-1.19) 1.15 (1.10-1.20) 1.11 (1.06-1.16) 
35-44 yrs 1.16 (1.09-1.23) 1.26 (1.19-1.33) 1.38 (1.31-1.46) 
45-64 yrs 1.13 (1.06-1.20) 1.12 (1.05-1.19) 1.34 (1.26-1.43) 
Infectious disease    
20-34 yrs 1.67 (1.30-2.13) 1.11 (0.86-1.44) 1.56 (1.23-1.99) 
35-44 yrs 2.05 (1.49-2.80) 1.74 (1.26-2.40) 2.52 (1.86-3.42) 
45-64 yrs 1.42 (1.10-1.83) 1.50 (1.17-1.92) 2.31 (1.83-2.91) 
Neoplasms    
20-34 yrs 2.00 (1.56-2.55) 1.88 (1.46-2.41) 1.92 (1.51-2.46) 
35-44 yrs 1.33 (1.09-1.62) 1.49 (1.23-1.81) 1.32 (1.08-1.61) 
45-64 yrs 1.09 (0.95-1.24) 1.14 (1.00-1.29) 1.33 (1.17-1.51) 
Blood/immune    
20-34 yrs 1.19 (0.76-1.88) 1.87 (1.23-2.83) 3.02 (2.05-4.45) 
35-44 yrs 1.07 (0.61-1.86) 1.04 (0.59-1.82) 1.41 (0.83-2.37) 
45-64 yrs 1.12 (0.80-1.57) 0.89 (0.63-1.26) 3.35 (2.48-4.51) 
Endocrine    
20-34 yrs 3.07 (2.10-4.48) 2.41 (1.64-3.54) 2.44 (1.67-3.56) 
35-44 yrs 2.04 (1.47-2.82) 1.47 (1.04-2.06) 1.60 (1.14-2.24) 
45-64 yrs 1.46 (1.15-1.84) 2.11 (1.70-2.63) 2.42 (1.96-3.00) 
Mental disorders    
20-34 yrs 1.19 (1.00-1.42) 1.26 (1.06-1.50) 0.93 (0.78-1.11) 
35-44 yrs 1.30 (1.06-1.60) 1.65 (1.35-2.02) 1.15 (0.94-1.42) 
45-64 yrs 1.45 (1.21-1.73) 1.50 (1.26-1.79) 0.92 (0.76-1.10) 
Nervous system    
20-34 yrs 1.27 (1.01-1.60) 1.33 (1.06-1.66) 1.59 (1.28-1.97) 
35-44 yrs 1.26 (1.03-1.55) 1.40 (1.14-1.71) 2.07 (1.71-2.50) 
45-64 yrs 1.35 (1.17-1.55) 1.41 (1.23-1.62) 1.89 (1.66-2.16) 
Eye    
20-34 yrs 0.65 (0.37-1.14) 1.15 (0.71-1.86) 0.96 (0.58-1.57) 
35-44 yrs 2.11 (1.18-3.76) 1.50 (0.81-2.75) 1.51 (0.82-2.76) 
45-64 yrs 1.32 (1.01-1.73) 1.45 (1.11-1.89) 2.36 (1.84-3.04) 
Ear    
20-34 yrs 1.05 (0.63-1.77) 0.78 (0.45-1.37) 0.95 (0.56-1.60) 
35-44 yrs 0.89 (0.47-1.69) 0.86 (0.45-1.63) 1.44 (0.81-2.55) 
45-64 yrs 1.15 (0.80-1.66) 0.94 (0.65-1.37) 0.78 (0.53-1.14) 
Circulatory    
20-34 yrs 0.87 (0.66-1.15) 0.97 (0.74-1.27) 1.14 (0.88-1.48) 
35-44 yrs 0.95 (0.75-1.19) 0.92 (0.73-1.16) 1.21 (0.97-1.50) 
45-64 yrs 0.87 (0.76-1.00) 0.94 (0.82-1.08) 0.94 (0.82-1.08) 
Respiratory    
20-34 yrs 1.20 (1.00-1.44) 1.17 (0.97-1.40) 1.20 (1.00-1.44) 
35-44 yrs 0.82 (0.65-1.03) 1.04 (0.84-1.30) 1.29 (1.04-1.59) 
45-64 yrs 1.11 (0.94-1.32) 1.14 (0.96-1.35) 1.25 (1.05-1.48) 
Digestive    
20-34 yrs 1.12 (1.01-1.24) 1.23 (1.11-1.36) 1.17 (1.06-1.30) 
35-44 yrs 1.10 (0.98-1.24) 1.11 (0.99-1.24) 1.05 (0.94-1.18) 
45-64 yrs 1.03 (0.95-1.12) 0.97 (0.90-1.06) 0.99 (0.91-1.07) 
Skin    
20-34 yrs 1.62 (1.29-2.03) 1.43 (1.13-1.80) 1.55 (1.23-1.94) 
35-44 yrs 1.86 (1.37-2.52) 1.65 (1.20-2.25) 2.10 (1.55-2.83) 
45-64 yrs 1.16 (0.94-1.43) 1.10 (0.89-1.36) 1.44 (1.17-1.76) 
a Note: The reference group is ‘very low’ (January 1995 - March 1999). ICD = International Classification of Diseases. 
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Table L5. Rate ratios (RR) and 95% confidence interval (CI) for hospitalisation rates in ICD Chapters 13-19 
as a function of gas well development activity, adult cohort (20-64 years old).ab 
 Low vs very low Medium vs very low High vs very low 
Musculoskeletal    
20-34 yrs 0.99 (0.85-1.15) 0.88 (0.75-1.02) 0.70 (0.59-0.82) 
35-44 yrs 1.11 (0.97-1.28) 1.03 (0.89-1.18) 1.10 (0.96-1.27) 
45-64 yrs 1.09 (0.98-1.21) 1.23 (1.11-1.36) 1.30 (1.18-1.44) 
Genitourinary    
20-34 yrs 0.95 (0.85-1.06) 0.68 (0.60-0.77) 0.71 (0.63-0.80) 
35-44 yrs 0.97 (0.84-1.12) 0.95 (0.82-1.09) 0.91 (0.79-1.04) 
45-64 yrs 0.98 (0.89-1.08) 0.85 (0.77-0.93) 0.89 (0.81-0.98) 
Pregnancy    
20-34 yrs 1.00(0.94-1.06) 1.09 (1.02-1.15) 1.12 (1.06-1.19) 
35-44 yrs 1.08 (0.94-1.24) 1.34 (1.17-1.53) 1.65 (1.45-1.88) 
Congenital    
35-44 yrs 1.24 (0.47-3.27) 1.75 (0.70-4.36) 1.10 (0.41-2.97) 
45-64 yrs 1.05 (0.55-1.98) 0.72 (0.36-1.44) 0.63 (0.32-1.27) 
Symptoms NEC    
20-34 yrs 1.10 (0.96-1.27) 1.15 (1.00-1.31) 1.17 (1.02-1.33) 
35-44 yrs 1.07 (0.93-1.23) 1.21 (1.06-1.38) 1.52 (1.34-1.73) 
45-64 yrs 1.00 (0.90-1.11) 1.14 (1.03-1.26) 1.46 (1.33-1.61) 
Injuries    
20-34 yrs 1.30 (1.17-1.45) 1.13 (1.01-1.26) 0.95 (0.85-1.06) 
35-44 yrs 1.37 (1.22-1.54) 1.19 (1.06-1.35) 1.21 (1.07-1.36) 
45-64 yrs 1.15 (1.04-1.28) 1.01 (0.91-1.12) 1.26 (1.14-1.40) 
a Note: The reference group is ‘very low’ (January 1995 - March 1999). ICD = International Classification of Diseases. 
b Note: Some age groups are not included in the table due to low numbers, which precluded regression analyses. 
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Award, conference, or professional activity and relevant dates 
Awards  
July 2015 Awarded the Sustainable Minerals Institute Research Higher Degree 
Travel Award to present work at the International Association for 
Impact Assessment Conference in May 2016 
September 2013 Selected as one of four finalists for the Australia-Netherlands Water 
Challenge (Brisbane) 
October 2012 Selected as one of four finalists for the Australia-Netherlands Water 
Challenge (Melbourne) 
September 2011 Awarded the Capital Connection Scholar award for alumni through 
the George Washington University 
August 2011 Nominated representative for the Student Program for the Queensland 
Mining Industry Health and Safety Conference (21-24 August, 
Townsville, Australia) 
Conferences  
Werner, A.K. 2013. Don’t let your health flood away. Oral/poster presentation (different from one  
below) as one of four finalists for the Australia-Netherlands Water Challenge at the 16th Annual  
International Riversymposium. 23-25 September. Brisbane, Australia.  
Werner, A.K. 2012. Public health impacts of natural resource development: A Queensland case study.  
Oral presentation at the Sustainable Minerals Institute SMI conference. 20-21 November. Brisbane,  
Australia. 
Werner, A.K. 2012. Don’t let your health flood away. Oral/poster presentation as one of four finalists  
for the Australia-Netherlands Water Challenge at the 15th Annual International Riversymposium. 9- 
11 October. Melbourne, Australia.  
Werner, A.K., Goater, S., Carver, S., Robertson, G., Allen, G.R., Weinstein, P. 2011. Environmental  
drivers of Ross River virus in southeastern Tasmania, Australia: Towards strengthening public  
health interventions. Poster presentation at the 23rd Annual Conference of the International Society  
for Environmental Epidemiology (ISEE). 13-16 September. Barcelona, Spain. 
Professional activities  
2013-present Ad hoc peer reviewer for manuscripts submitted to Science of the 
Total Environment 
2013, Semester 2, 2014 Teaching assistant for the MPH programme (Introduction to 
Environmental Health) at the University of Queensland 
Semester 1, 2014 Teaching assistant for the postgraduate programme (Epidemiology 
for Public Health) at James Cook University 
2013 Research associate at the School of Public Health, the University of 
Queensland 
February 2013 Peer reviewer for the ‘People and Communities’ stream for the 
World Mining Congress 2013 (11-15 August, Montreal, Canada) 
2012-2013 Independent assessor for final International Water Centre Master’s 
programme projects (Master in Integrated Water Management) 
February 2012 Research assistant for ‘Bingeing on the Beach’ research project 
(conducted interviews) 
 
